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Preface

This progress report replaces those previously issued, The report pién
is to cumulate the descriptions of work performed under this coniract so thast
each new report contains the'essential content of the earlier reports plus
new work,

Experiments, or studies (sets of experiments). that are described in the
following pages will be reprinted in greater detail in individual technical
reports to be issued as the work is completed., When this is done, the summary
contained in the progress report will be briefer and the technical report will
be cited for reference, When a technical report is published, a complete
citation will appear so that it can be secured, Copies of technical reports
are placed in the University of Illinois Library and on deposit with Univer-
sity Microfilms, Ann Arbor, Michigan, so they can be obtained directly from
these scurces, requesting them by title.

In the present reporg the first chapter presents a brief summary of the
rationale develcped in Phase I of the work program, Chapter I outlines the
general plan of work for the project. Each of the remaining chapters deals
with experiments that involve a single instructional vehicle, €.g., mathematical
formulas, logic, science, and language,

In Chapter II, for example, the vehicles are mathematical formulas, A
variety oi problems relating to teaching and learning are being examined with
the use of a formula as an instructional objective., Variations in the encoding
of data to which the formula applies are being studied. For example,data are

displayed in a field bounded by coordinates., There are two distinctive stimuli
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in each field. Each stimulus, by virtue of its position in the field, assumes
one of four different values on each coordinate. The learner has to distinguish
the relevant coordinate, assign values to the position of each stimulus and’

relate these values of the two stimuli in such a way that he can determine k,

the value of the unknown., The other form of encoding used to display data is a
set of four geomeiric figures (''frames’) each containing within it a value;
however, only two of the frames are relevant. The learner must distinguish the

two that are relevant and relate these in such a way that he can determine k,

the value of the unknown. The studies deal with variables presumed to affect

learning and transier (see p. 14 of Chapter I for six classes of variables used).

These studies illustrate the general plan of the projest which is to study a

set of psychological questions relating to transfer using a specified type of

task. !
Some of the questions studied in the experiments described in Chapter II

using mathematical formulas as problem solving tasks also are being studied

with other tasks, For ekample, questions relaﬁing'to the sequence used in pre-

sentirg learning materials., In this connection, the asynchronous and synchronous

character of scquences is being studied. All conceptions of teaching which
specify a sequence in which materials are to be presented can be translated
into an asynchrony measure. Consequently, this variable has rather broad
potential appllcation to education. It is neutral with respect to subject
matter and provides an objective means for describing sequences of learning
materials and for scaling them for quantitative study, |

Chapter II; contains a series of experiments in which the students study

materials in an introductory course in logic, using a self-instructional program,
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The formal structure for these materials therefore, differs from that used in
Chapter II where a mathematical formula was to be learned. Withirn the context

of logic, the formal relationships involved in syllogistic reasoning were
selected as a useful and interesting experimental and educational problem. In
this case the structural characteristics of the task are specified and should
serve as critical cues for correct performance, Different formal characteristics
of a task which meets the conditions described in Chapter I are being selectively
studied in Chapter III in terms of the potential cue value of syllogistic forms.
For example, the various forms of syllogism are specifiable and discriminable
from onc another and as a verbal structure each could acquire cue value in

the acquisition of a learning set. Thus,a student could be said to acquire

a learning set for syllogisms of form A or 0, for example, The question is
whether students do actually acquire such sets, or, in other words, whether

the form of the syllogism acts as a cue. If this seems to be the case then the

‘next. question is whether variables like those identified in Chapter I are related

to the amount or direction of transfer that is observed in a9plying what is
learned. These studies get at a basic problem in the extension £ the thinking
of Harlow about learning sets which currently is based on laboratory
tasks although alluded to by Gagne in the context of mathematics. It is
necessary to determine,for substantive areas of interest to education,just what
features of tasks actually define learning sets,if any do. The working
hypothesis used here is that formal structural features of tasks can serve
as cues for thé formation of learning sets,

Various conditions relating to word meaning also are being studied in the

‘work reported in Chapter III to determine their contribution to transfer. Thus

the transfer implications of semantic and encoding variables are being examined,
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In-addition, various questions relating to programed instructional techniques

are included in research designs, e.g., linear and branching techniques. Another
set of relationships of interest are these relating the learner's abilities,
aptitudes, and personality to methods of instruction. These individual dif-
ferences variables are related to performance on tasks requiring the application
of information previously taught. The data used are scores obtained on
application items of achievement tests which presumably mcasure transfer.
"Application items' are included in the tests given before and following training
so as to provide a gain score. Another problem area included in this set of
studies relates to the encoding used in communicating concepts to the students,
This problem also is being examined in Chanter II using algebraic, geometric

and matrix forms of encoding to determine their effect on learning and transier.
In the logic studies two notation systems are being used. There are the
Peano-Russell and the Polish notations. These are supposed to be "equivalent”
ways of handling concepts of symbolic logic. One purpose of these studies is

to determine if these two notation systems are equivalent psychologically,

and if not, in what ways they differ,

In Chapter IV transfer problems relating to the learning of a science are
being studied using a self-instructional programn. Organizational questions are
being studied and the specific conditions used are those relating *o some
current theoretical notions about the way conceptual materials are most
efficiently put together. These studies relate to those supported by the
research being conducted under an Office of Naval Contract, Nonr 3985(04).

Some of the transfer implications of having students learn a fixed
sequence of meaningful terms such as a vocabulary are being studicd in Chapter

V. Here is a basic set of conditions being used in a set of studies to identify



some of the transfer implications that follow from associative conceptions of
meaning, Other studies relating to language learning are planned. For example,
a program teaching Latin roots and prefixes has been drafted to teach verbal
decoding skills fcr English, It is to be used with some high school students
and could be used with foreign students learning English as a second language.
Transfer will be determined by the student's ability to decode new words.

One of the conditions studied in relation to two rather different types of
learning tasks is the transfer effect of simply telling the student that the
second task is related to the first one learned., In an experiment described
in Chapter 1II ‘some students are told that two differently encoeded and therefore
differently appearing tasks are actually related to one another., In Chapter V
students under two conditions are told that the lists of words they are
learning are related and the two different relationships are each described,

In learning to use a mathematical formula (Chapter I), awareness of a relation-
ship and the intention to relate the two tasks also are examined to see their
effect on transfer. All of these studies relate to the effects of verbalizations
on transfer. They attempt to render the notion of verbal awareness into an

operational form for objective study in relation to transfer,
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Chapter 1

Nature of Project

This project was developed to provide information about transfer as a
psychological and as an educational process., The nced for information about
transfer is critical for the efficient planning of courses, curricula, and
media for education, The current problem is not only the lack of available
information, but also the failure Of existent information to be linked to
either the educational or the training decision processes to which it can and
should contribute,

This project takes a systems approach to the analysis and guidance of
the learning and instructional conditions by which transfer is determined.
The guidance of learning under replicable conditions can be accomplished
through the use of a variety of media, and each one can be an integral com-
ponent of a computer-assisted instructional system, Also, the psychology of
transfer is being studied here .in fundamental and applied ways so as to
explicate its facets through both conceptual analysis and experimental study.
Programed instruction and a computer-based teaching system are being used
to provide a replicable and realistic instructional enviromment. Once the
principles of transfer are identified and understood, they can provide
guidance for teaching as accomplished by any means. Transfer principles can

contribute to both the pretutorial decision making and to the dynamic tutorial

decision making which takes place while the student is learning.




Proérsmed instruction and a computer-based teaching machine provide a
medium for the investigation of the basic and applied problems of instruction,
and satisfy the long-needed laboratory-like conditions in situ. This medium
allows for the analytical and longitudinal study of transfer in ongoing
instructional settings. 1In addition, the individual factors that combine
to produce the complex effects that occur when transfer takes place in

school learning situations can be controlled and examined geparately.

Hypotheses About the Nature of Transfer
and Variables Affecting it .

A useful beginning for a reseasych program would be to examine the data
and concepts of transfer from a point of view which both (1) assumes that
there is a fundamental relationship between the learning theorist's conception
of learning and transfer processes, and the psychometric theorist's conception
of aptitudes and abilities; and (2) assumes that there are at least three basic
characteristics of complex tasks (their quality, texture, and structure} that
determine the specific transfer effects which occur within and between tasks,

Granting the first of the above assumptions, the second can be examined
for its implications, Very briefly, this point of view suggests that transfer
may be viewed in two ways., The first view is cumulative transfer which takes
place when the student is confronted with a homogeneous set of problems from
which he can acquire "learning sets" (see Harlow, 1949; Gagne and Paradise,
1961) . In other words, the student learns a class of actioms tbit achieve a

single function with respect tc a set of stimuli, e.g., an object quality

discrimination learning set, an oddity learning set, an "obtaining products




with zero" learning set., Homogeneity, as used in this context, refers to a
formal similarity among a set oi learning tasks. The particular learning
set that is acquired constitutes what is meant by the quality of the learning
that has developed. Learning sets may be attitudinal (involving sets of
cues and emotional responses), psychomotor (involving sets of cues and motor
responses), or cognitive (see Bloom, 1956). The cognitive learning
sets are both content related,in that they invoive content cues and content
related responses, and substantive in nature, Attitudinal learning sets
are dispositional in that they involve approach or avoidance responses,
Psychomotor learning sets are skills. The particulaxr gzggg.of learning sets
actually acquired by a learner constitute the texture of the learned behavior.
The texture of behavior which the student learns may include one or more
of the possible types of learning sets.

The second view is hierarchical transfer, i.e., transfer from learning

set to learning set when the sets represent different levels., The structure

of behavior refers to the hierarchical relationship found among a group of
learning sets (e.g., Gagne and Paradise, 1961). Each hierarchy of'learning
sets has a pattern and distinctive form or architecture that is a result of
the conditions of learning and the degree of overlearning. Qualitative
learning sets, including content, attitudinal ,and psychoumotor learning sets
may all be involved in a particular hierarchical structure. Each is pre-
sumably cued to the others in a pattern that represents a hierarchy. It

is assumed that a hierarchy of learning sets is developed through a process

of cueing, but the pattern of interrelationship that does develop for a
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learner may not agree with the formal analysis of the subject matter. Further-
more, the sets may not develop from lower to higher levels of learning sets.

In this analysis of the learning of complex behavior repertoires, it is
assumed that the student confronted with a homogeneous set of problems from
which he can extract a general concept ( content learning set), an attitude, or
a strategy ( method of attack and possibility some psychomotor skills), will
actually acduire individual learning sets to varying degrees of proficiency.
Thus, the development of learning sets is a variable outcome of the learning
experience, While the individual learning sets vary in the degree to which
they are overlearned, those that meet minima constitute the qualitative elements
of the resulting behavioral texture, A texture does not involve interrelated
sets, however, Whether or not the learning sets also constitute a behavioral
structure depends upon the extent te which the constituent sets are cued to
one another, The typical object quality discrimination learning set, for
example, is cued by perceptual characteristics of objects (e.g., color, form)
to the psychomotor response set of reaching and lifting small, light-weight
objects, However, it also could be cued to paintings of objects, photographs,
or to written descriptions and it could include writing, object descriptions,
or even attitudes,

In education and training, the task of the teacher is one of'building
complex, structured behavioral repertoires which typically ;;Qolve classes
of cue-response relationships. The problem, therefere, is to determine
efficient ways of building higher order conceptualizations out of lower

order ones by using different sequences of materials and different couditions




o learning and responding. To dc this, selected tasks of the kinds faced
by students in school (e.g., high school mathematics, logic, English) can be
analyzed in terms of the hierarchical structures revealed by a content
analysis, Each analysis will provide the basis for an hypothesis about
organizing the training given to selected groups of students in order to

study the transfer effects it produces,

The behavioral analyses initially will make use of Bloom's Taxonomy of

Educational Objectives (1956); Guilford and Merrifield's work on the structure

of intellect (1960); Gagne and Paradise's (1961) learning set. procedure;
Stolurow's (1964) task taxonomy,vand related epproaches to behavioral analysis,
These provide useful materials for the eventual development of a generalized
conception of transfer that will relate to basic problems, The first
set of basic problems consists in methods of instruction and training, par-
ticularly those pertaining to instruction over extended periods,as required

in learning a school subject: (1) concepts for sequencing learning set

materials, e.g., class descriptive cues, asynchrony, and (2) principles for
handling specific aspects of training such as the encoding of cues and
prompts, knowledge of results, and evaluations of student responses, The
second set of basic problems consists in the relevance and use of information
about intellectual structures in making decisions about training.Here, the
coiicern is with the identification of aptitudes and abilities for the purpose
of using this knowledge about the learner to predict and optimize successful
performance on new learning tasks, both initially and during the course of

instruction. The third set of basic problems consists in relating each




educational objective to intellectual and instructional data so as tc provide
a consistent mechanism for interrelating these three sets of data in making
instructional decisions,

Aptitudes, mediation processes,and transfer. In formulating the SOCRATES

model of teaching, it was assumed that there is continuity in the procerses measured
by tests of individual -differences and in the processes postulated by
the learning theorist to account for the acquisition and transfer of knowledge
and skills. In this respect, the SOCRATES mcdel is consonant with the theoretical
positions of Ferguson (1954, 1956), Osgood (1953), and Guilford (1950). The
vaderlying hypothesis is that the skills and mechanisms developed while learning
a variety of tasks that have a common structure, when overlearned, become
the abilities and aptitudes that are measured by tests of individual differences.
From sets of structurally related tasks the learner learns how éﬁ learn (e.g.,
Harlow, 1949), which means he can more readily acquire new cue-response
relationships involving the same formal property. It is further assumed that
a great deal of transfer of training is achieved simply because the same
processing skills are involved. Consistent with Ferguson's position, it is
assumed that overlearning brings these patterns of behavior to a2 level where
they become relatively invariant, and at some minimal level of invariance
these behavior patterns can become apparent through performance on tests of
abilities and aptitudes, The contribution of these relatively invariant
behavior patterns to the learning of new associations is their transfer effect,

It is assumed that ;il learning involves mechanisms that can be called
processing skills, These skills aid the learner in acquiring associations in

structurally similar situations as well as in those containing common perceptual




)

elements., Overlearning of processing skills comes about by the learning of
specific skills that fall into classes or sets of experiences which, while
they may differ in detail, nevertheless involve common formal ele;ents such
as represented by the simple, and now classic, cases of transposition and
oddity. The explanation of the development of learning sets, in spite of
apparently varied experiences (cue~-respouse learning), is that cue-response
sets have some formal or relational elements in common, While this appears
to be a reasonable hypothesis,as suggested by the research of Harlow (1949)
on learning sets, the actual mechanism that provides the behavioral condition
represented by the formal property held in common by(oddity problems iIor
example) is not always easy to identify. 1In the discrimination learning set,
for example, the learner simply responds to the individual features of the
displays as cues and, if he is correct, he continues to use the cue; if he is
wrong, he shifts to another cue. In other words, knowing you are wrong means
that anothecr feature is to be used.

The general working hypothesis relating transfer to abilities is that
transfer effects are frequently accounted for in terms of processing skills
which are common to the learning and transfer task. It also is assumed
that the transfer effects are predictable in terms of specific abiliity and
aptitude tests plus specific relevant knowledge or skills, In brief, it is
assumed that the mechanisms which account for transfer are of two basic kinds
which differ in terms of the characteristics of the learning experiences
involved. They are (1) those that are content specific and typically studied
in research relating to the commoun element theory -of transfer (Thorndike

and Woocdworth, 1901), and (2) those that axrz process specific and,as a result,

A SRR




general with respect to content. The distinction between the two types of
transfer lies in the type of cue that provides the linkage between tasks. The
common element theory of Thorndike and Woodworth assumes that the perceptual
elements are the links. The number of common letters in words is one example
of the type of element that figures in this conception of transfer. In
Harlow's learning set formulation of transfer, the linkage is not a cue

for response but rather is a stimulus that is contingent upon response, The
stimulus materials used in the Harlow discrimination learning set experimental
paradigm do not have a common perceptual element running through the set of
paired objects (e.g., red color, or round form), but rather, any pair of stimulus
objects can be used in the set. In fact, a common element in the perceptual
characteristics of the set would be undesirable, for what the learner acquires
from the early discriminations, in addition to the specific discrimination,

is that one and only one stimulus object in every pair is followed by a rein-
forcement stimulus, Consequently, when shown a new pair of objects, the
learner selects one and,if he is reinforced, continues to select that
member of the pair. However, if his response is not reinforced, he

responds to the other stimulus object on the next trial. The cue to persist
or to change is the presence or absence of the reinforcement stimulus following
a selection response. Thus, only one trial is needed to solve any new
discrimination., The common element is not in the discriminanda, but rather

in the reinforcement stimulus that follows the response. The fact that the
critical cue is response dependent, rather than an aspect of the discriminanda,

makes the transfer more general since it is. associated with the more generic and

abstract characteristics of learning experiences such as their structural and
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semantic aspects, their problem solving characteristics, their amenability to
analogy, their isomorphism with a particular model, or their logical or mathema-
tical properties. These aspects of a set of stimuli, as contrasted with 2
specific set, may be coded in the context as well as in the events following
response. Any sign that is correlated with a structural feature of complex
materials can acquire a cue function in the same way that a physical property
of an object does. Therefore, it can elicit a response that is cue producing,
and the cue that is produced can account for any transfer froa otherwise
dissimilar appearirg tasks. The structural characteristics of tasks like

forms in music, poetry, or prose (e.g., a chord, 2 sonata, a sonnet, a simple
declarative sentence, a dialogue), can become cues for responses as evidenced
by the sheer fact that they can be discriminated. The structure of a task as

a cue is potentially useful as a basis for transfer,for it can serve as the
common element between and among a set of otherwise dissimilar tasks in the same
way as can a physical, or perceptual characteristic that is common to a set

of tasks. The structures of grammar, of mathematical proofs, and of a syllogism,
for example, illustrate the potential cue value for transfer of stimuli patterns
with subject matter relevance. The actual significance for transfer of these
formal properties of tasks, which are otherwise very different from each other,
is unknown. This is a neglected property of tasks with respect to transfer,

but one that has the potentiality of functioning in transfer of training as

the basis for the development of important learning sets. Its relative

potency depends upon the relation salience of these features of learning

tasks as compared with the perceptual features. Furthermore, structural
consistency requires a set of stimuli as the vehicle since it is to be

recognized as a property of two or more exemplars.
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These structural characteristics of learning and transfer tasks can be
studied (to tke extent that they can be identified) as.the common element,
or unifying mechanism, that might account for transfer from otherwise
apparently diverse learning experiences. For example, Crutchfield and
Covington's (1963) successful use of programed learning experiences involving
mystery stories, as a means of improving the problem so}ving performance of
students on Dunker types of tasks (which have no common content with the
learning experiences), illustrates the potential transfer value of skills
cued by formal or structural characteristics of the learning experiences. The
labeling of something as a problem elicits the repertoire of probleﬁ solving

responses that the learner has acquired. These may be simple and insufficient

or complex and sufficient, but whatever their state of development and com-

plexity, they produce cues that lead to behaviors not previously associated

with the stimuli presented,and frequently produce solutions,as in the case of

the algorithms of mathematics. While the verbal statement of the problem and

the numerals may be new to the learner, the fact that he is confronted with
Qomething that is labeled as a mathematical problem is a sufficient cue to

produce a complex set of responses that involve information on data processing.,
Included among the responses are searching for and discriminating between quantities,
terms for units, and for relational words (e¢.g., ratio, equals, greater than). These
responses, then, provide the cues for writing of formulas or equations. The writ-
lten expressions produce stimuli that then sexrvo as cues for transformation or

for calculation, etc. These behaviors lead to-the solution. of the problem

when they are the appropriate set.
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A number of experimenters,such as Royce (1898); Slosson and Downey (1922);
Osborn (1957); Maier (1931, 1933); Judson, Cofer and Gelfand (1956); and
Maltzman, Brooks, Bogartz, and Summers (1958) , have investigated various
training procedures in attempts to increase the frequency of original behavioi.
Thus, originality (often considered an aspect of creativity),as a form of
performance on a variety of tasks,has been considered a transfer phenomenon
as well as a human ability (Guilford, 1950)., It is the relationship between
aptitudes and transfer skills that needs to Le made explicit in order to

account for the transfer of originality,

Research Program

The general hypothesis is that the language used, or the particular set
of symbols (including pictures) employed, in teaching a concept is a variable
which affects the nature of the behavior that results and produces cues for
other responses and, thereby, determines the transfer effect of the learning

experience,

Encoding Factors

One study relating to this general transfer hypothesis will use a self-
instructional program in logic which extends the work begun with the multiple
correlational task used by McHale, Stolurow, Mattson and Davis (see Chapter II).
The studies using the logic materials (Chapter II;} will compare the transfer
effects of two versions of a program: one written in the Peano-Russel notation,
the other written in the Polish notation, Each of these notation systems has a

structural similarity with a different language system. The hypothesis is that

this structural similarity will result in different rates of learning and amounts
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of transfer for students who have different educational backgrounds and aptitudes.
Students who have studied a large amount of mathematics and comparable students
who have had very little mathematics will serve as subjects ; mathematical
and verbal aptitude scores will be secured for both. Half of the students
will study each version of the logic program and half of those who study one
version (e.g., the one written with the Polish notation) will be transferred
to problems expressed in the other notation system. The same will be done for
the other half of the student group. In other words, there will be two transfer
tasks., One transfer task will require the students to use the other form of
symbolic encoding rather than the one they studied. The second transier task
will require students to solve problems in the notation they were taught,
but the problems will be different from those they were taught, but will be
capable of being solved with the concepts and techniques taught. The latter
transfer task will require the application of what was taught to.new problens,
Of primary interest in this study is the extent to which the form of
encoding effects the student's responses which, in turn, cue the repertoire
he haz of relevant behaviors. The differences in correlation between verbal
and mathematical aptitudes and scores on the two transfer tasks following
each condition of learning will reveal the extent to which instructional
decisions can be made more efficient for a particular student by selecting
the form of encoding on the basis of aptitude. If the Peano-Russel notation,
for fxample, is more readily learned and applied by students who have higher
mathematical than verbal aptitude, but the Polish form of encoding is more
efficiently learned and used by students who have higher verbal than mathema-

tical aptitude, then this finding would provide support for the hypothesis
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that the form of encoding is important in making the structural features of
tasks more salient as cues. It also would provide a basis for making pre-

tutorial instructional decisions involving the form of program to use.

Concept Sequence in Relation to Aptitude

Another study.using the logic materials concerns the sequence in which
concepts and skills are taught. For example, in one sequence, syllogistic
reasoning will be taught before symbolic logic. In the other sequence,
symbolic logic will be taught first and then syllogistic reasoning. The
latter sequence is suggested by the generality of the concepts, but the
instructional strategy to be studied is teaching the more general concepts
first. The former sequence is the historical order in which the concepts
were developed and teaching the specific before the general; the alternative
strategy, with which it will be compared, is going from the general to the
specific, These instructional strategems have been implicit in many teaching
programs, but explicit in only a few; however, the purpose here is to secure
relative effectiveness for transfer of training,

Encoding and sequence problems arise in a variety of contexts and have
okvious educational media implications. Every medium requires that some
form of encoding be used to represent .the concepts to be taught, and that
the material be organized into a particular sequence. Both studies provide
data on these factors in transfer within a subject matter, as well as data
concerning the value of aptitude data for forecasting learning and transfer
scores under different learning and transfer conditions.

Relating to the studies using the iogic materials will be those using

materials to teach English vocabulary or word attack by the analysis of the
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roots and prefixes of words. In these studies, the design will be a simple
one-way analysis of variance with levels of knowledge as the independent
variable. The program teaches vocabular& by analyzing words into Latin
roots and prefixes, It will be used with students who have had different
amounts of Latin and one group who has had no Latin at all, Scores on
Latin tests also will be used in correlations 1f they are roliable, After
couplieting the program, transfer will be determined by giving the students
words which were not included in the instructioual material, but for which
the meaning could be determined if the analytical processes taught by the
program were used to examine prefixes and roots. If Latin training provides
transfer, then the means of the groups differing in amount of formal training
in Latin should show a correlation with the amount of Latin studied. If

the general skills of word analysis are useful, then the students who

have not studied Latin should transfer as well as those who have studied
Latin. 1In addition to group differences, correlations will be obtained
between aptitude (verbal and quantitative), amount of Latin studied, and

scores on the learning and transfer tasks,

Tutorial Conditions in Transfer

Transfer is dependent upon the quality of learning. The quality of
learning is established by several factors, such as (1) the performance
standards met by the student in learning; (2) the criterion used in giving
knowledge of results; (3) the basis for providing evaluative feedback; (4)
the overlearning criterion used; (5) the procedures used in withdrawing stimulus
supports (fading, vanishing, prompt or guidance removal), and (6) the encoding

of the concepts and information studied.
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Overiearning. Although it is well established that there is a positive

relationship between the amount of practice on the first task and the amount
of positive transfer that results in learning the second task (McGeoch and
Irion; 1952), there are no data to indicate the optimum amount of practice

or overlearning to give the student on the learning task before he is given
the transfer'task. Furthermore, there are no LSIMS to indicate the amount of
overlearning that is optimum for different aptitude levels. This problem will
be studied and, the experimental designs will be those of proactive intexr~
ference and retroactive interference.

Sequence and length. One study, with the proactive design, might use a

set of concepts to be taught to each group in one of two different sequences,

In this case, the effects of the difference in sequence weuld be looked at in
terms of transfer which would be measured by the student's rate of learning a
new set of concepts, The transfer task would be the same for both groups, One
learning sequence would present similar concepts grouped together (e.g., class
descriptive cues would be used to group materials, see Stolurow, 1956; Wulff
and Stolurow, 1957), while the other sequence would present the same concepts
arranged so that the set of concepts learned at any one time would be max-
imally dissimilar (the principle of asynchrony w:21 b2 uczed in Chapter II ).
An additicnal variable in this design would be the length of the task, varied
by using a different number of concepts taught at one time. This variable
could be assigned five values as the length of lessons, e.g., 4, 8, 16, 32 and 64.
Other studies also will be designed to reveal the applicability of basic
laboratory research on proactive interference for education and will provide

an oppertunity to study the relationship between proactive interference
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and retention {which Underwood, 1957, considers more critical than retroactive
interference as a factor determining retention)., In these studies, a fifth-
grade arithmetic program in f£ractions which teaches fourteen concepts, and a
statistics program which teaches concepts and computational skills for the
mean, median, variance, standard deviation, correlation, etc., could be used.
Research will be designed to compare groups to whom a set of concepts will
be taught in alternative sequences, permitting analyses to determine the effects
of proactive and retroactive interference, In addition, experiments will be
designed to determine whether learning-how-to-learn effects (cumulative positive
transfer) or proactive interference (cumulative negative transfer) occur within

the context of subject matters such as logic, statistics, or mathematics,

A_Cybernetic Model for Research on Learning and Transferl

A model of the instructional process has been developed in order to
systematically interrelate the decision processes involved in instruction.
The model relates both the theory and the data pertaining to individuai
differences to problems of learning and transfer, A systems approach is
employed so that the efficient utiiization of media also is considered. The
model identifies two sets of decision processes and relates them to one another;
consequently, it provides a conceptual mechanism for the study of transfer of
training over a2 broader range of problems than heretofore considered. This
comprehensive view of trunsfer makes it possible to study transfer bhoth from
task to task and within a task, and to articulate the principles of decision

making while students were learning,

1The model translated into the design of a system is described in Stolurow
and Davis (1964).
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Two-stqgg_instructional model, Figure 1 describes the pre-tutorial decision

net; Figure 2,the tutorial decision net in minimal terms} and Figure 3, the
tutorial decision net in greater detail. Consistent with a systems approach,
critical functions and their relationships are indicated; however, the way in
which the system components are designed and the way the entire system is
used in teaching depend both upon the computer program (that provides teacher
and professor functions, see Figure 3) and the set of objectives to be
obtained, Essentially, the system guides the student's learning experiences
and,while aoing this, learns about each student and modifies the teaching

accordingly (sce Figures 1, 2 and 3),

Cognitive Tramsfer as Related to Transfer in Other Domains

This project provides the means for conducting basic systematic studies
on transfer which relate primarily to the cognitive domain (Bloom, 1956),
While the relevance of the data to other domains sach as the affective and
psychomotor are not_to be ignored, they are not the primary focus. It is
believed, however, that the method and the findings will be highly relevant
to these other domains and specific indications of such relevance is to be

sought and pointed out wherever possible.

Transfer is critical to curriculum development, The new curriculum pro-

grams for schools, colleges, and professional training institutions involve
many assumptions about the methods of accomplishing transfer which need to be
tested. Furthermore, information about the cumulative transfer process, for

which little or no data are available, needs to be systematically accumulated,

Thus, a focus upon transfer in the cognitive doriain seems to be indicated.
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Figure 2, The Tutorial Decision Process: Basic Cycle and Specification
of Task Parameters.
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Two very basic problems arise in the study of cumulative transfer. They involve
the programing of a subject matter not omnly to teach existent facts and concepts,
but also to develop particular cognitive styles or strategies through the
formation of associative structures, These twin problems are not only pre-
sent in all of the curriculum development projects, but they are basic to
every educational program, 1In spite of over 60 years of research on transfer
(Thorndike and Woodworth's study was in 1901), there is almost no definitive
information or explicit guidance to offer the curriculum builder. Thus, these
issues are in critical need of substantial study from a fundamental point

of view,
Purpose

Objectives

Phase 1 has the following obje=tives: (1) to develop an organized
evaluation of available experimental and theoretical studies of transfer under
the following rubrics -- summary and analysis of research; review and consol-
idation of theory; relationships between learning and transfer; relationships
between transfer, abilities, and aptitudes; and relationships between transfer
and problem solving; (2) to formulate principles of transfer as they reliate
to particular educational media, methods, and practices; (3) to conduct pre-
liminary transfer studies appropriate and necessary to determine the feasibility
of particular research applications of the new media; and (4) to formulate plans
for a second phase of research on the relationship of transfer of training to
educational processes and media,

Phase II has the following objectives: (1) to initiate a plan of research

on transfer of training in relation to educational processes and media; and
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(2) to prepare manuscripts for publication from the materials developed for

objectives 1, 2, and 3 of Phase I,

’ Method
Procedure

Geneféi. The fesearch program will be developed and guided by the data
and findings obtained during each phase of work. The initial phase has
gererated both'results and plans. Subsequent phases will obtain most of
their data from empirical studies rather than from literature surveys, Later
pbaseé will differ in length and level of activity, depending upon their
potential'importance to education and the state of the art with respect to
technological and theoretical devélopmeﬁt. Tﬁérefdre, it may be necessary
to defer work on a moré 1mportant substantive problem until the answers to
some less important techhological problems or %Zechniques have been developed.

EEEEE.!: The first phase consigted of a survey of the existent data
and concepts for ﬁwo purposééﬁ {1) to summarize and integrate research
and tﬁeory and to consolidate and interpret research findings which will
‘result in articles and mohographs of an integrative and critical nature; and
tZ)Ito consider these findings in relation to the problems of education so as
to produce a set of hypotheses for research and a workable plan with which to

| conduct studies that relate to one another in a way that contributes to par-
ticuiar educationalvproblems.

The procédﬁré»for Phase I was largely library research plus the analysis
and synthesis of existing information and concepts. Reports, articles, mono-
.graphs, and books were abstracted (see Chapter VI ) an& interpretive summaries

ate being prepared. In addition, preliminary empirical research was conducted
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)
using such instructional materials as logic (Chapter III ), multiple correlation

(Chapter II ), and an artificial science (Chapter IV ). These studies have
dealt with the following basic problems in transfer: (1) sequencing, e.g.,
inductive (discovery) vs. deductive (Ruleg, see Evans, Homme and Glaser, 1962),
Detambel and Stolurow's asynchrony (1956), Ausubel's subsumption theory (1963);

(2) learning-how-to-learn e.g., Harlow, (1949); and (3) mediation theory e.g.,

Osgood (1953).

ggggg_gl, The procedure in the second phase will be associated less with
library research than 1t was in Phase I. There wil} be a marked increase in the
amount of empirical research designed both to elucidate transfer problems and
to develop techniques and media,

Use gﬁ_prgg:amed instruction. Experiences with programed instruction

have indicated that it is not only a feasible method of teaching, but also a
valuable research tool ideally suited to the study of transfer. Media such

as television, film, and magnetic tape also are useful and, although they are
more limited, they will be used, as appropriate, to provide experimental control
and objective manipulation of variables., These media will also be used to
provide a permanent record of the learning and transfer conditions used and,
in this way, will objectively define the procedures and conditions in a way
that is difficult to accomplish when live teachers are used to study these
processes. With programed instruction and film, effective techniques can be
represented for teacher training purposes. These materials could be important
by-products of the basic research project if developed into teacher training

materials,
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Computer-assisted instructional research. To a considerable extent, the

research program will consist of studies that involve the on-line use of the
newest and most promising of the educational media ~- the high-speed computer.
The Training Research Laboratory's computer-based system, SOCRATES (System for
Orgenizing Content to Review And Teach Educational Subjects), is a unique
system designed to conduct educational research, particularly on the learning

.process.z It is especially suited to the study of transfer in complex

learning situations, particularly those lasting for a semester or a year.,

It can (1) store information about each student's aptitude, beginning knowledge,

and personality; (2) use this information in making pretutorial decisions; and
(3) use this information in combination with the detailed information it
collects about individual students (their individual responses and study
time) in making instructional strategy decisions, This capability previously

has not been available in the study of transfer. Furthermore, it now exists

in a form that provides data which can be processed immediately; consequently,
decisjons about each step in an instructional sequence can be made without
delaying the sequence,and the computer can perform the statistical analyses of

the data produced by the experiment,

2Wh:l.le SOCRATES is currently being used for research, it is not limited to
that since the components are commercially available and the basic computer
(IBM 1620) is one that is widely used in schools today for other purposes, It
would have to be coupled with an IBM 1710 and student interface units, however,
to handle the remote input/output requirements of an instructional system (see
Figure 4). SOCRATES was developed under ONR Contract Nonr 3985(04) which is
currently providing support for its further development and for research on
its use.




1622 CARD
READ-PUNCH,

1620

CENTRAL |

131! DISK

| STORAGE DRIVE

1623
! CORE STORAGE

v _

intexgpi

1798 DATA

CONTRlOL UNIT

terminal address selector

K I712
con*act MULTIPLEXER contact
operate & sense
TERMINAL UNIT .
Teaching Autotut ?.Z':::Il:lzd
utotutor
Machine Environment




1-26

SOCRATES was designed as a flexible system with respect to the media which
could be used in the interface units. This provides flexible input and output
requirements for the link between the student and the computer. For educational
purposes relating to instructional media, the two basic problems pertaining to
research on learning and transfer are (1) the design of the student interface
units (the hardware problem); and (2) the design of the computer imstructions
that detcrmine what decisions are to be made and when they are to be put into
effect (the software problem). An important bi-product of the research pro-
posed here is that it will contribute to both the hardware and software pro-
blems that need to be solved for the effective utilization of the computer as
a medium of instruction and instructional research.

In the SOCRATES I configuration, the computer controls fourteen 35mm
film transport mechanisms that have (1) rear screen projection, (2) selection
response units that accept 10 different responses at every student station,
and (3) forward and backward f£ilm motion under computer control. In the
SOCRATES 11 configuration, the computer controls student interface units that
have (1) rear screen projection, (2) separate message readout for knowledge
of results, (3) completely random access to any one of fifteen hundred 35mm
displays, (4) up to 15 response buttons, and (e) internal timing that permits
control over a projection light that is independent of film transport timing.
SOCRATES is an educational media laboratory in a real sense in that it is a
flexible system which not only accommodates a variety of specific media (e.g.,
35mm f£ilm, CRT displays, tape audio system), but also interrelates media
to form a system for instruction in which each element serves a selected

function, Furthermore, it provides a capability both for carrying out a
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complete set of instructional decisions and for processing the large amounts
of data that are accumulated during the extended learning and transfer
experiences of groups of individually taught students.

By using SOCRATES, it is possible to conduct studies of the transfer

effects of pretutorial decisions about teaching methods based upon aptitude,
ability, and personality information. Individual differences information will

be used in making decisions about the treatment to be used to teach a defined

set of concepts and a body of information., Oae type of treatment will be
designed to compensate for the student's deficiencies so as to increase his
ability, whereas an alternative treatment will be designed to capitalize on

the student's existing strengths., These treatments will be examined in

relation to age since different alternatives may be desirable for different
age groups, e.g., compensate early and capitalize later,

Another series of transfer studies will be concerned with treatments that
relate to tutorial decisions. SOCRATES will be programed to use different
decisions with comparable students, depending upon the data it obtains from
the students while they learn. Thus, the computer will learn about students
while it teaches them; the rules of this dynamic decision making will define
the treatments used, One series of studies on dynamic decision making to
develop behavioral structures for transfer will deal with the alternative
decision rules for organization of steps. Another series will deal with

variations in feedback(:e.g., response evaluation and delays in knowledge of

results) in which the concern will be the stability and strength of the

behavioral structure as revealed by retention and transfer scores,
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Another series of studies will be concerned with cultural differences in
the effectiveness of specific treatments. For example, in one culture, pro-
gramed materials organized in terms of a ruleg conception could result in
more transfer than the same steps organized in terms of a discovery conception;
in another culture, the reverse could be true., Other studies will deal with
variations in the discovery treatwent, i.e., cue discovery, principle discovery,
and response discovery,

Another ser:es of studies will deal with treatment comparisons based upon
cognitive grouping of frames vs., various alternatives such as spiral sequencing,
class~descriptive cue clusters, random grouping, and student-determined clusters.

Consideration will be given to the feasibility of cross-cultural and
interlingual studies in order to determine the generality of the principles
of transfer.,

Sample plan for subjects. Subjects will be drawn from different age and

ability levels and,if feasible, from different cultural settings. The
specific sampling procedures will be determined by the requirements imposed
by the problem under study. Since aptitudes and abilities are an important
set of data in the SOCRATES decision model, these data will be obtained uni-
formly and, in some studies, will be the basis for stratifying the sample of
students used. Cultural differences also will be used in other studies and
if possible, sampling conditions will be duplicated (where replication of
earlier studies is being accomplished) to check critical findings. Where
long-term transfer is being studied and students participate over an extended
time pericd, statistical adjustment may be required to compensate for losses

in the sample,
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Treatments. As indicated, the initial studies will use programed materials

in logic, mathematics, statistics, and language. These areas have been
selected because they represent formal systems developed to solve complex
problems. The proposed transfer studies will investigate cognitive, dis-
positional, and strategy skills. Since these are information processing
skills, they can be thought of as contributions to the student's cognitive
style, and they can be used in combination with a wide variety of different
subject matters. The texture of these structures will be studied to determine
ways of cueing them to content learﬁing sets.

Controls. The programed instructional procedure of employing a computer-
based teaching machine system (SOCRATES) will be used as the primary means of
controlling the treatments for stability of presentation. In addition,
printed programed materials will be employed whenever participating student
groups are in locations remote from the laboratory. Both the filmed frames
and the printed frames meet the necessary requirements for replicability of
conditions,

Students will be assigned to treatments randomly in order to achieve both
representativeness and comparability among groups. Where appropriate,
aptitude, personality, knowledge, socio-economic, and cultural factors are to

be used to control individual differences.

Data Types to be Gathered and Methods to be Used

Performance prior to, during,and following learning will be measured by
instruments appropriate for the particular study. Evaluations made prior to

exposure to selected learning conditions (instructional strategies) will be
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used to predict the direction and amount of transfer of training. Standard-
ized tests of ability, aptitude,and personality will be used in addition to
specially designed tests that determine the level of cach studer.c'’s entry
behavior., Evaluations will be made of the nature and extent of learning,
retention, and transfer, Following learning, broadly based standardized

tests and specific tests of terminal behaviors will be used,

The computer will use the students' latencies and errors (as related to
particular segments of a self-instructional program) in making decisions about
subsequent learning experiences and these data can be related to the students'’
aptitudes and personality test scores as a data pool tc be used in making
dynamic decisions. Alternative mcdels will be studied to determine their
relative worth as bases for decisions about instructional strategies where
positive transfer is the desired outcome,

The computer-based system will permit simultaneéus monitoring of data
concerning student ability, aptitude, and personality on the input side and
relate it to response speed, accuracy, and attitudes on the output side.
Furthermore, the developing relationships between input and output can be
used either collectively or selectively to make different types of decisions
regarding the very next step of a program, Tane decisions can relate to
instructional procedures such a: review, skipping, evaluation of performance,
degree of student control of subsequent learning experience, pacing, difficulty
level of materials, etc,

Several different performance outcomes will be considered: (1) learning

new and related material; (2) problem solving in which the knowleage taught
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is diresctly relevant and sufficient; (3) probiem solving where the knowledge taught
is not necessary,but the strategy required is relevant and useful; and (4)
inferring and extending the knowledge taught to new materials.

Transfer effects are evidenced not only in the development of hierarchical
structures of content learning sets, but also in the degree to which these
are interlaced with dispositional and attitudinal learning sets. Measures

of these interrelationships will be accomplished in the manner described by

Gagne and Paradise (1961).

Methods of Statistical Analyses

Analyses of variance, correlational techniques, and estimation procedures
will be used. Analyses of variance will be used when hypotheses are tested.
Correlational analyses will be used to determine relationships between input-
output variables such as (1) ability test scores and learning task performance
measures, (2) aptitude and retention, and (3) verbalization measures of
understanding and transfer. Where appropriate and necessary, covariance and
partial correlation will be used to assist both in making decisions and in
the interpretation of findings. Residual scores will be used to measure

gain (see DuBois, 1962) as a dependent variable.

Approximate Time Schedule

Phase I required two calendar years, ending June 30, 1964, The literature
review which began at the initiation of Phase I will continue beyond Phase I,
but at a reduced level, The incorporation of the computer-based teaching

machine system into the research plan has suggested the relevance of new

areas of information., Bibliographies and abstracts of studies are being
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compiled and several summaries are being written in anticipation of their
completion by the fall of 1965. The bibliographies and abstracts will be
coded for storage and retrieval within the computer; the coding systems to
be developed for this purpose should be in operation by July, 1966, This
coding and computerization will make the literature relating to transfer
available to research werkers in a form that is responsive to individual
study needs. Literature relating to the new media also will be coded and
abstracts for computer storage and retrieval will be prepared.

Specific research studies relating to Phase I are continuing to be
designed and conducted, and new studies are being designed according to

plans for Phase II. Thus, this continuing activity will increase in tempo

throughout the next two years of Phase II. Reports relating to these studies

will be prepared as the data are analyz~d.

Phase II is projected as an eight-year effort consisting of four two~

year periods. The first of these periods terminates on March 1, 1966 when the

plan for continuation will be submitted as a second extension of the existing

arrangement,

Publication Plans

The results of the studies will be reported individually and combined

for related sets of studies, and will be reported in monograph or boul: form,

as appropriate., It is contemplated that the articies will be published in
standard psychological and educational Jjournals, and that the books will be

published by university and commercial publishers,

=y
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Principal Investigator

The Principal Investigator is Lawrence M. Stolurow, Professor of
Psychology and Education, Dr. Stolurow received a B. A. from the Univer-
sity of Minnesota, 1940; an M. A. in psychology from Cornell University,
1946; and a Ph., D. in experimental psychology from the University of
Pittsburgh, 1947, 1In addition to teaching experience at the undergraduate
and graduate levels, Dr. Stolurow is head of the University of Illinois'

Training Research Laboratory, which is administratively a part of the

Department of Psychology and the Bureau of Educational Research.,
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List of Personnel

April 1, 1964 - September 30, 1964
Lawrence M. Stolurow - Principal Investigator

Research Assistants % Time Period of Employment

Richard Blomme 50% 1 April - 31 July
Lawrence Frase 67% 15 June -~ 30 Sept.
Robert Hart 50% 15 June - 15 August
John Kearns 50% 1 April - 31 July
Eiichi Koike 50% 15 Sept., ~ 30 Sept.
Henry Lippert 50% 1 April - 30 Sept.
Thomas McHale 50% 1 April - 15 June
Julie McHale 25% 1 April - 15 June
Ellen Rosen 50% 1 April - 15 June
Leon Swartzendruber 50% 15 Sept., - 30 Sept.
Clerical
Bonnie Anderson 50% 1 April - 30 Sept.
Valerie Anderson 100% 15 June - 30 Sept.
Freda Blecher 50% 1 April - 30 June
75% 1 July - 30 Sept.
Gerry Eisenberg 50% 1l June - 30 Sept.
Amy Henschen 50% 1 April - 30 June
75% 1l July - 30 Sept.
Hourly
Valerie Anderson 1 April - 15 June
John R, Dugan 1 April - 15 June
Paul E, Kirshke 30 June - 30 Sept.
Richard McNabb 1 April - 30 June
Mark Rifkin 15 Sept. - 30 Sept.
Gerald J. Suk 1 April - 15 June
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List of Completed Technical Reports

Mattson, D. E. Learning how to learn under several cue conditions, Urbana,
I11.: Univer, of Ill., Training Res. Lab,, Contract 2-20-003,
Tech. Rep. No. 1, August, 1963,

Killip, D. E. Learning and transfer effects of prompting and confirmation
procedures, Urbana, Il1l.: Univer, of Ill., Trazining Res. Lab.,
Contract 2-~20-003, Tech. Kep. No. 2, October, 1963,

Merrill, M. D, Learning and retention of a model and a preview in teaching
an imaginary science, Urbana, Ill,: Univer, of Ill., Training
Res., Lab,, Contract 2-20-003, Tech. Rep. No. 3, November, 1963,

Davis, D, J. The effects of sequence and structure on complex concept forma-
tion, Urbana, I1l.: Univer. of Il1l,, Training Res. Lab., Contract
2-20-003, Tech, Rep. No, 4, January, 1964,
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Chapter 1I

Study of the Transfer Effects of Different Kinds and
Forms of Information Encoding

L. M. Stolurow, T. J. McHale, D, Mattson and D. J. Davis

A series of experiments was conducted to investigate tﬁe effects of two
basic types of transfer of training in complex concept-formation tasks. Two
different tasks were used which differed only in minor respects since each
was generated from the same multiple-correlational model (See Azuma, 1960;
Cronbach and Azuma, 196la, 1961b) . The two basic types of transfer of
training were: (1) transfer to task performance from written instructions -
which dilifered in the amount of information they gave the learner, and (2)
transfer from one task to the other where the relationships between tasks
were specified. The latter includes both two-stage and cumulative transfer
(1ea§ning-how-to-1earn) experiments, The study is designed to investigate
several basic problems such as (1) the informational value of different task
characteristics, (2) the effects of different ways of encoding task-relevant
information, and (3) the development and role of verbal mediating mechanisms

{hypotheses) oi the learmer both when learning and when transferring to new

taske.,
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Experiment I
Amount of Information Conveyed by a Knowledge of Either the

Principle or the Cues Given in Algebraic Form

Status: Report in preparation,
Purpose

This erperimnent was designed to investigate (4) the amounts of informa-
tion communicated by the knowledge of a principle as opposed to the knowledge
of cues, and (b} the effectiveness of the knowledge of a principle as opposed

to the krnowledge of cues at different stages of learning.

Hypotheses

1, A knowledge'of the principle would be more beneficial than a
knowledge of the cues since it is easier to learn the cues than their
proper weighting and formal relationship (principle).

2. A knowledge of the cues would be more beneficial in the early stages
of learning when the S must detect what is relevant, and a knowledge of the
principle would be more beneficial in the later stages of learning when the
S must determine the appropriate weights and relationships for the relevant
cues,

3. The rank order of performance for the four groups will be full

information, principle information, cue information, and no information.
Method and Materials

Subjects
Fifty~-two undergraduates in psychology at the University of Illinois par-

ticipated in the experiment with 13 Ss in each of four groups. Thirty-
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eight Ss were administered the task during a regular class period; the

other 14  Ss were obtained from a subject pool and were administered the
task in small groups. Of the latter, four were in the cue group, four in

. the full information group, and six in the principle group.

A 2 x 2 analysis of variance was used for x', x" and k, to detect the

significant effects of principle, cues, or their interactions for each of

the four trial blocks., In addition, Duncan's Multiple Range Test (1955) was used

to test for significant differences between means of the groups in each of

the four blocks.

Procedure

Task stimuli., Each stimulus presentation consisted of a 2.5 inch by 2.5

inch square with a small red cross and a small green cross drawn inside it.
The left side of the square and the bottom of the square represented coordinate
axes., The location of each crosswas specified by its distance from the leift
side and the bottom of the square; these distancesWere its coordinate values,

Each of the four coordinates (x', y', x"', and y") could take on one of
four values -- 3, 6,‘9, or 12, These four values correspond to actual
distances of .5, 1.0, 1.5 and 2.0 inches. The number of possible combin~
ations of the coordinate values was44, or 256; however, since the crosses
Were not allowed to occupy the same location in any stimulus presentation,
only 240 (16 x 15) combinations were actually possible and not all of the
possible stimuli were used.

Presentation of stimuli., Stimuli were presented in a booklet of 128

stimuli, or trials, with six different stimuli on each page. On the

answer sheet, there were 10 numbers for each trial, one number for each

-
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of the 10 possible numerical answers, with an X to be drawn through the
appropriate number. Ss responded by marking one of 10 possible response
categories with an X, Verbal fcedback in the form of the correct answer
was given at the end of each trial.

The 128 learning trials can be considered as 8 sets of 16 presentations
each, Within every set of 16 possible combinations of x' and x", each
appears only once. This automatically made rx'x" = ,00, The distributions
of y' and y" were very close to rectangular: Taorgt 2 Tty o and T g did
not exceed .12 in any block. Thus, for practical purposes, these variables
can be considered to be uncorrelated.

Criterion k. The formula used by E to define the correct response k is
(2x' + x")/3. Since x', y', x"', and y"' are uncorrelated within this set of
stimuli, the definition of k determined their validities as follows:
= .8, r

= .45, r = ,00, The actual correlations of x' and

x'k y'k

x" with k vary between -.12 and +.12, Since the 10 discrete response

x'"'k

categories are exact numerical answers, S had to use precisely a 2 to 1
weighting to receive one hundred percent reinforcement.

Measures of performance. The basic measures of performance were the

criterialities1 of the individual cues and of the construct k: product-

moment correlations ccefficients of the actual responses of each S with

the responses he would give if he were to make his judgments solely in

terms of x', x"', y', y", or k. This yields 2 5 x 4 matrix of correlations for each
S: rows for x',x",y',y", and k; columns for each block of 32 trials which were

analyzed separately. Correlations were computed over four blocks of 32 trials--1-33,

33-64, 65-96, and 97-128, respectively.

1Criteriality, according to Bruner, Goodnow & Austin (1956) , means
how much a cue is actually used by an S.

o
SRS

.
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Results

Results are summarized in Tables 1 - 5.

The following conclusions about the experimental hypothesis were drawn:

1. The rank order of performance for the four groups was not as pre-
dicted, since the cue group performed better than the principle group. The
difference between the two grcups, however, was not significant.

2. A knowledge of the principle (principle group) is not more beneficial
“han a knowledge of the cues (cue group),although a knowledge of the principlé
together with a knowledge of the cues (full information group) leads to better
performance; however, the final level of performance for the full information
group is not statistically better than that of the cue group.

3. When the principle and cue groups are compared, a knowledge of the
cue does not seem to be more beneficial initially, nor does a knowledge of
the principle seem to be more beneficial later in learning; however, the
groups who knew the principle (full information and principle groups) did

learn the relative importance of the two relevant cues better than the other

groups.
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R Table 1

[}

Analyses of Variance on x', x" and k for Trial Block 1

Coordinate Source 2 MS df F
k Knowledge of Principle 2.12 1l 10, 10%%*
k Knowiedge of Cues 1.96 1 G ,33%%%
k Interaction 1.20 1 8.71%
k Within .21 43
x! Knowledge of Principle .58 1 4,14%
x' Knowledge of Cues .82 i 5,86%
x! Interaction .49 -1 3.50
x' Within .14 48
x" Knowledge of Principie .32 1 8.00%:%
x" Knowledge of Cues .14 i 3.50
x" Interaction .02 1 »50
x" Within 1.93 48

*Significant at .05 level,
**Significant at ,01 level,
**kSignificant at ,005 level,

raThe principle and ful; information groups knew the principle; the cue
and full information groups knew the cues.
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Table 2

Analyses of Variance on x', x" and k for Trial Block 2
Coordinate Source? ' MS df F

k Knowledge of Principle 1,41 1 4,03

k Knowledge of Cues 1.81 1l 5.17*

k Interaction 1.30 1 3.71

k Within . .35 48

x' Knowledge of Principle .23 1l 1,44

x' Knowledge of Cues .34 1l 2.12

x' Interaction 1.03 1l 6.,44%

x' Within .16 48

x" Knowledge of Principle .02 1 .33

x" Knowledge of Cues .00 1 .00

x" Interaction .25 1 4,17%

x" Within .06 48

*Significant at .05 level,

aThe principle and full information groups knew the principle; the cue
and full information groups knew the cues,




i vable 3

Analyses of Variance on x', x" and k for Trial Block 3

- ' Coordinate Source? MS af F
>
k Knowledge of Principle 1.39 1 2,24
L k Knowledge of Cucs 2,38 1 3.84
k Interaction .11 1 .18
[‘ k Witkin .62 48
A
: x' Knowledge of Principle 27 1 1.08
l; x' Knowledge of Cues <13 1l .05
. x' Interaction .07 1 .03
L ' x' Within .25 48
_
L x" Knowledge of Principle .05 1 1,00
x" Knowledge of Cues .27 1 5,40%
{! x" Interaction .10 1 2,00
- x" Within .05 48

=

*Significant at tkhe .05 level.

i

e‘The principle and full information groups kinew the priaciple; the cue
and full information groups knew the cues.

]




Table 4

Analyses of Variance on x', x" and k for Trial Block 4

Coordinate Source® MS df F

k Knowledge of Principle .76 1 1.29
k Knowledge of Cues 4,05 1 6 .36%
k Interaction .67 1 1.4
k Within .59 48

x! Knowledge of Principle .20 1 .91
x' Knowledge of Cues .19 1 .86
x’ Interaction .36 1 1.64
x' Within 22 48

x" Knowledge of Principle .13 1 2.60
' Knowledge of Cues .16 1 3.20
x" Interaction .12 1 2,40
x Within .05 48

*S8ignificant at the .05 level,

aThe principle and full information groups knew the principle; the cue
and full information groups kuew the cues.
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Table 5
Results o:E Duncan’ s Multiple Range Tests for x',
x'', and k over all Blocks of Trials -
Coordinate Block Criterialities Probability
k 1 Full > No Information, Principle, Cues <.005
k 2 Full > No Information, Principle, Cues <.01
k 3 Full > No Information <.05
k 4 Full > No Infornation, Principle <.05
x' 1 Full > No Information, Principle, Cues <.01
x’ 2 Full > Principle, Cues <.05
»' 3 None
x’ 4 None
x" 1 Full > No Information <.005
Full > Cues <.05
" None
" Cues > No Information, Principle <.05

LAJ

Cues > Full, No Information, Principle <.05
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Experiment 1X
Amount of Information Conveyed by a Knowledg:s of Either the
Principle or the Cues Given in Algebraic Form

Status: Report in preparation.

Purpose

Experiment I suggested that the presence of information about the task
principle does no more to facilitate performance than doecs the 2bsence of
information, whereas information about the critical cues does facilitate
perfcrmance, Furthermore, in a written questionnaire administered at the
end of the vask, many Ss verbalized their solutions of the task in a geo-
metric form, whereas the original information ﬁas given in algebraic form,
These verbalizations suggested that information given in geometric form
might be more beneficial to the learner, since the geometric form of

encoding seemed more parsimonious,

Hypotheses

1, Cue-information will lead to better overall group performance than
principle-information, although a knowledge of both cue and principle is a
requisite for criterion performance.

Z. The rank order of performance will be full-information, cue-infor-
mation, principle information and no informaticn,

3. Whenever two groups are given the same information encoded in

algebraic and geometric form, the group given the geometric encoding will

perform better.,
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Method znd Materials

Subjects

The Ss were University of Illinois students from the introductery
psychoiogy class, Their participation was thbe class requirement., The
task was administered to Ss :n groups that ranged in size from 3 to 20.
With the larger groups, two or three Es helped with the administration.
There were 15 Ss in each experimental group ior a total cf 120 Ss. There
were seven groups in the basic design of this study (an eighth group was
run in an auxiliary experiment which will be discussed). There was a
no-information conirol group, and two sets of principle, cue, and full-
information groups. One set was given information in algebraic form, the
other in geometric form. This design allowecd a comparison of principle

vs. cue-information, and algebraic vs. geometric information.

Procedure

The task stimuli and presentations were the same as in Experiment I
except that there were 160 stimuli, or trials, and Ss were paced, Twenty

seconds were allowed for each trial,
Results

Seven different, but perfectly correlated, rules (or principles) were
offered by Ss who solved the task. The types of rules they discovered
could be easily related to the written instructions given bhefore the task.
It is clear that Ss do not benefit equally from the different content, or

the differently encoded content, provided as pre-~task iunformation.
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The cbrrelational ahalysis of the data leads to the following conclusions .
abouththe experimental hypotheses:

1. There was an overall performance superiority of the cue-groups.

2, The predicted rank-order of performance was confirmed; i.e,, full-
information was best followed by the cue~information, and there were no
significant differences between the principle~information and nc~information
groups. The likelibood of chis rank order occurring by chance is less than
.05,

3. There were no coverall differences between the groups given the
geometric an¢ those given the algebraic information. However, the geo~
metric groups tended to do a little better with full and cue-information

and a little worse with principle-information.
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Experiment II1I
A Comparison of Transfer Effects from Written
Instructions Under Paced and Self-Paced Conditions

Status: Report in preparation.

Purpose
This study is basically a replication of some of the groups in Experi-
ment II. The main difference is that in this experiment, each S worked at a
teaching machine and, consequently, was self-paced. Therefore, comparisons
were possible between a paced and a self-paced condition, with major emphasis

on two variables: (1) trials to criterion, anqd (2) time to criterion.

Hypotheses

The following specific.hypotheses were tested:

1, Since the self-paced condition allows each S to determine when he
will respond (so that his progress may be slower in the @afly trials, for
example, and faster later on) Ss in t¢his experiment should attain criterion

performaince in fewer trials than comparable Ss in [xperiment II.

2. Tine tc criterion should be facilitated in the self-paced condition,
a..thougk the difference between pacing and self-pacing shouid not be as large

in time as in %trials to criterion.

Method a2nd Materials

Subjects
The subjects were college students from a University of Illinois

introduétory ‘psychology class in which participation in the experim-nt
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wag a class requirement. No more than five Ss were run at a time, one per
machine, A total of;60 Ss was divided into six experimental groups in this
exporiment: three groups were replications of the no-information and full~
information (both algebraic and geometric) groups of Experiment 1I; the
fourth group, also a fﬁllninforhation group, is comparable to the ¢column-
group in Experiment IV; the fifth and sixth groups were cue and principle

groups for whcm the information was given in terms of the column-group's

model.

Procedure

Task stimuli. A black circle rather than a red cross, and a blzck cross

rather than a green cross distinguish the task stimuli of this study from
those of Experiments I and II. These changes facilitated filming for the
teaching machine, and also eliminated the difficulty encountered by
color-blind Ss.

Presentation of stimuli. Stimuli were presented on film by a teaching

machine, Only one stimulus frame was seen at a time by the subject; the
correct answer for each frame was given on the following frame., The S could
return te the immediately prior frame to investigate any discrepaucy between
his answer and the correct answer. Thereforc, the presentation of stimuli.
was equivalent to a straight linear program. Correction-procedure was not

used.

Results

1. The superiority of cue information over principle information was
again demonstrated.
2, If there is a differcnce between paced and self-paced conditions,

it is slight., The difference appears to be in favor of the self-paced
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condition and apparently is related to the opportunity to re-read complex
frames during the task. Time data fér each frame would be useful additional
information to secure bn this'question.

3. “he column-model appears to be a simpler encoding than the algebréic
or geometric models used in Experiment I. That is, Ss given information in
terms of this model use the information as given and do not manifest the
transformations of information to simpler terms that were discovered in

Experiment I.
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Experiment IV

Some Perceptual and Verbal Factors in the Transfer from
One Task to Another Generated from the Same Model

Status: Data in process,

Purpose -

When the verbalized rulés of the solvers in ExperimentII were examined,
seven categories were established., These verbalizations ranged from general
and abstract to very specific and concrete., If different verbalized rules
mean that the Ss have learned different ''concepts” (intraverbal behavior),
even though their overt behavior is the same, then differences in transfer
to a second taslt should occur. This experiment is designed to see whethe.
or not this is a useful conception;‘ It relétes the stateﬁents nade by the

Ss at the end of Task 1 to their performance on Task 2,

Hypotheses

The following specific hypotheses were tested:

1. The rank-order predictions of the Ss relative rate of learning to
solve Task 2 can be made from a comparison of the verbalized rules used by
Ss in Task 1 with the rule they must learn to solve Task 2.

2., Perceptual similarity of the cues in each task should lead to
faster solution of Task é than perceptual dissimilarity of the cues.

3. When the stimuli of two tasks are mot obviously similar, and Ss do
not suspect that the two tasks aré related, the group given instructions which
state that the two are related should learn Task 2 more rapidly than the group

not given instructions.
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4. VWhen two tasks are perceptually dissimilar, the predicted %transfer
effects should occur only among those Ss who consciously relate the two tasks.
The behavior of Ss who do not consciously relate the two tasks should not be

distinguishable from that of the Ss in the control group.

Method and Materials

Subjects

Five Ss were run in each cell for a total of 60 experimental Ss. There
were four groups, one for each of four sets of instructions or rules, with 15
Ss in each group. A control group of 20 Ss was also run, half of which solved
Task 2 with one of the formulae and half with the other (formula A or B). The
control group was allowed to warm up on a neutral memory task before working

on Task 2A or 2B.

Proczedure

Task stimuli. The training task in this experiment was essentially the

same as the task used in Experiments I, II and III. There were two minor
changes:

1. As in Experiment III, a small black circle and a small black square
replaced the red cross and green cross used in Experiments I and 1I.

2. The stimuli were presented to Ss on individual cards.

The transfer task used 3 x 5 stimulus cards on which therg was a circle,
square, triangle, and rhombus. One of the following four numerals was printed
within each geometrical figure: 1, 2, 3, or 4. The numerals within the
figures replaced the four discrete coordinate values that the circle and

square could assume in the training task. As in the training task, only
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two of the four figures vere relevant. The correct rule to obtain k
(criterion response) was the sﬁﬁ of two products obtained by weighting
the values in two of the figures. Either ome of the following alternatives,
both inveclving a two and one weighting,would work: (a2) 2 (number in the
circle) + 1 (number in the square), or (b) 2 (number in the triangle) + 1
(number in the rhombus).

Four tasks, two training and two transfer, were actually used, designated
1A, 1B, 2A, and 2B, The Arabic numeral represents the stimulus encoding:
1 stands for the displays with the circle and square that varied their
positions in a field; and 2 stands for the displays with the circle, square,
triangle and rhombus containing numerals from 1 to 4. The letters stand
for the weighting principle required toAsecure th2 correct E_values. In
each case, the change from A to B signifies a revarsal shift.

Presentation of stimuli. Four sets of instructions or rules were pre-

sented to four groups of 8s: (1) full-information row [k = 2 (row of the
eircle) + 1 (row of the square)]; (2) full-information column [k = 2 (column
of the circle) + 1 (column of the square)]; (3) full-informatica algebraic;
and (4) 2 solution in which the 2:1 weighting was only implicit. These
sets of instructions were suggested by the verbalizations of the subjects
in Experiment II; in this sense, the instructions given were second generation
solutions to the problen.

Within each group of Ss (N = 15 for each group) there were three types
of transfer treatments which were differentiated by (1) correct formula; and
(2) knowledge of the relatedness of the two tasks. The three treatments

‘were (1) the correct formula, 2 {number in circle + 1 (number in square);
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(2) the correct formula, and a hint that the training and transfer tasks were
reléted. This generated a 4 x 3 factorial design with both factors fixad.

After the S read one of the séts of instructions, the E presented the
stimulus frames for Task 1A one at a time. The § gave his numerical response
for the value of k, and also the rule he was'using on each trial. This
procedure was repeated in Task 1B also; in which the only difference was
the formula used to assign weighkts. This made Task 1B a reversal shift of
Task 1A, The S was not informed that a switch was being made, nor was he
allowed to ask questions at the time. This switching of rules was included
to investigate the tragsfer effects of a first reversal shift to a second one.
After solving the first task (1A) and its shift (1B), the subject was read
the instructions for Task 2A and began it immediately. After reaching cri-
terion on 2A, the formula was again changed and S began Task 2B, a reversal
shift of Task 2A. Post-experimental interviews were conducted after each
task.,

Results

The data for ‘the study have not been completéi&aﬁrocessed, but the
fellowing conclusions (see Figure 1) can be made:

1. Hypotheses 1, 3, and 4 were confirmed.

2. The conclusion about hypothesis 2 is not clear. It seems that the
perceptual similarity of cues facilitates transfer performance if the
verbalized principles of sclution are similar for the two tasks, but that
it has no noticeable effect on transfer if the verbali._ed principles are

not similar. Thus, the form of the intraverbal behavior seems critical.
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The way in which the stimulus display is encoded by the learner can be an
important factor in determining the degree of transfer of training that

results.
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2C + S (hint) 74,5
2C + S 5€.0
2C + S (hint) 79.6
2C + 8 62,2
25.4
2C + 8 (hint) 64,3

N =5 for ecach group (bar)

/H =30 ~20 ~-10 O 10 20 30 40 50

Negative ' Positive

Percentage of transfer

60 70

80 90

Fig, 1. Percentage of Transfer on Second Task for Each Group

Taught One of Four Different Rules,

aSolution = 2 times the number in the circle plus one times the

100

numker in the square (2C + S) or two times the number in the triangle
One group was given

plus 1 times the number in the rhombus (2T + R),

a2 hint that the training and test tasks were related to each other,

The baseline represents appropriate control group performance
(2C + S or 2T + R) from which transfer was computed using formulas

1 and 2 in Gagne; Foster, and Crowley (1948),
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Experiment V

Some Perceptual and Verbal Factors in the Transfer From
One Task to Another Task Generated From the Same Formula

Status; Data collected,

Purpose

Two problems were e¢ncountered in Experiment IV: (1) the need for con-
current measures of transfer (indicating an awareness that it is occurring)
rather than after the fact measures of transfer (indicating that the task
is solved); and ¢2) the difficulty of handling negative transfer when intra-
task hints are given since the use of negative elements is systematically
eliminated by these hints. Therefore, a larger experiment was conducted
in which Ss were encouraged to "think aloud”. The experiment was so designed

that transfer, if it occurred, would be positive.

Hypotheses

The following specific hypotheses were tested:

1. When the stimuli of two tasks are not obviously similar (perceptually
dissimilar), and Ss may not suspect that the two tasks are related, instruc-
tions stating that the two are related should facilitate the speed of solving
Task 2,

2, Vhen two tasks are perceptually dissimilar,and no hint of their
relationship is given, the predicted transfer effects should occur only
among those Ss who consciously relate the two tasks. The performance of

Ss who do not consciously relate the two tasks, should be indistinguishable from the
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performance of Ss in the control group in (a) trials to criterion, (b) type

of solution discovered, and (c) the process by which solution is attained.

Method and Materials

Subje~ts
There were 28 Ss in each condition without knowledge of the relatedness

of the two tasks, and 20 Ss in each condition wi*h such knowledge for a total

of 96 experimental Ss with an equal number of males and females in all

conditions., A contrcl group of 32 Ss was also included.

Procedure

Task stimuli. The training task was identical to that used in

Experiment IV. The following modifications of the stimuli for the transfer
task were made:

1. The task was so designed that any S could discover any of three
solutions.

2. Pilot work indicated that positions were infrequently used if
position numbers were net included below the figures, so these numbers
were added.

Presentation of stimuli, The two sets of instructions for Task 1 were

{1) full-information in terms of column (identical to that in Experiment IV),
and (2) a solution in which the 2:1 weightine was not explicit:

3 (column of the circle) + tlie number of columns from

the circle to the square (i, if the circle is to the

ieft of the square; - , if the circle is to the right

of the square).
This latter set of instructions is very similar to set four in Experiment IV.

After the S read one of the two sets of instructions, he answered a set of
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questions designed to assess whether or not he understood the instructions,
1f S gave evidence of misunderstanding, E attempted to clarify the instruc-
tions, Then the stimuli for Task ! were presemi2d one at a time. The S gave
his numerical response and the rule he was using on each trial in both tasks.
He was encouraged to ''think aloud” during both tasks. Since the purpose of
the first task was to teach § a rule, E attempted to explain what S was doing
wrong if he made mistakes during the task.

After solving the first task, the S was read the instructions for Task 2
and bezzan it immediately. The transfer task conditions were differentiated
by knowledge of the relatedness of the two tasks. The transfer task was so
designed that any of the three following formulas would generate the cri-
terion responses: (1) 2 (position of the circ. . + 1 (position of the square);
(2) 3 (position of the circle) + the number of positions from the circle to
the square; {(3) 2 (number in the triangle) + 1 (number in the rhombus).

The controls were divided into two equal groups. @Qne of these was
given "easy" items of the Raven's Progressive Mairices test (1956), the other was
given "difficult" items to produce a set in S for an easy or a difficult
task, The experimental Ss who were given pretraining rule 2, were assumed
to have a more difficult Task 1 condition than those who were givea pre-
training rule 1. Consequently, two different controls seemed indicated.
Subtests A, B, and C of the Raven's Progressive Matrices test were used
to create the "easy" warm-up tusk and subtest D and E were used to create

the "difficult" warm-up task. A post-experimental interview was conducted

after Task 2 to all Ss.
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Results

The results of the transfer task were analyzed in terms of three derendent
variables: (1) trials to criterion; (2) type of solutien verbalized; and (3)
various measures of the learning process. On the basis of both spontaneous
verbalizations during the task and answers to questious during a post-
experimental inferviewg Ss were categorized into those with or without tréugfer
hypotheses and transfer intentions. The fcliowing tentative conclusions cen
be made:

1. With trials to criterion as the dependent variable: (2) only
knowledge of the relatedness of the two tasks was a significant variazble;

(b) neither type of pretraining rule nor (c) sex made a significant dif-
ference. Figure 2 presents graphically the amount of transfer (from mean
trials to criterion) for Ss given or not given a transfer hint. Figure 3
presents the amount of transfer for Ss reporting or not reporting a transfer
hypothesis or a transfer intention. The mean trials to criterion for the
control groups was 18.5.

2. Type of solution verbalized made a difference both in the type of
solution discovered and iﬁ the process of solution for the second task.

3. When Ss who did not report a transfer intention are compured with
control Ss,the following additional results are indicated by various measures
of the learning process: (a) though conscious {verbalized) relating of the
two tasks accounts for the bulk of positive transier, data indicate that a
small amount of unconmscious transfer (not verbalized). did occur; (b) four
of the former solved the transfer task without any. task hints g one of the controls
did ; (c) there seemed to be more gueséihg (offering no formula) ,less use of two

cues, and less use of position cues among the controls.
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Negative Positive

Percentage of transfer
Fig, 2. Percentage of Transfer on the Second Task for Groups
Receiving a Hint and Not Receiving @ Hint that the Two Tasks wexe Related

aTransfer was computed using formulas 1 and 2 in Gagne; Foster and
Crowley (1948),
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Fig. 3. Percentage of Transfer on Test Problems for Ss with Transfer
Intentions (TI), Without Transfer Intentions (WTI), with Transfer
Hypotheses (TH), and Without Transfer Hypotheses CWTH).

*fransfer was computed using formulas 1 and 2 in Gagne’, Foster and
Crowley (1948),
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Experiment VI

 Learning How to Learn Under Several Cue Conditionszl"

~Status: COMPLETED -- Dale Mattson, Learning How to Learn Under Several Cue

Conditions., Technical Report No, 1,
August, 1963, '

~ Purpose

| The objectives of this experiment were (1) to determine the effects of
several kinds of training on the subsequent mastery of a medified form of a
problem solving task developed by Azuma (1960) and (2) to evaluate the use~

fulness ot.cue-response criterialitiesAin,explaining transfer effects,

Fypotheses
" 1. Three kinds of transfer effects can be identified and compared: (a)

an effect associated with cue repetition; (b) a learning~to-learn effect; and

{ec) a warm-up»effect;J .

Z.VAcue repetition is expected to result in a hegative effect under a
condition in which relevant cues duriggAtraining become irrelevant during
the criterion task(similar to a nonreversal shift),and a positive effect under

a condition in which the same cues are relevant for both training and the

~eriterion task, -

‘3. On the first trial of the transfer task, single-trial criterialities

A. will be higher for cues previously relevant than for cues previously

irrelevant.

Zpnis experiment was dohe by Dale Mattson in partial fulfillment of the
requirements for a Ph.D, degree and is on file at the University of Illinois
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- Method

\Sﬁbjectsv‘

The Ss for this experiment were undergraduate college students, For the
first experiment, in which large group testing procedures were used, the Ss
participated in the experiment‘as part.of a course requirement. For the

second experiment, all Ss volunteered to take part.

- Procedure

The design of this study was a factorial design involving two degrees
of similarity between the training task and the sfiteribn tazk, and three
deg:ees of similarity between fhe cues used for éhe trairing task and those
used for the criterion task, In addition to fﬁé six groups (16 Ss per group)
necessary for this design, an additional group of 16 Ss was used as a control
group that performed only the criterion task. The entire experiment was
duplicated -- once using large group testing procedures and once testing

groups of either 7 or 14 at a time.

Results

The results of the experiment may be summarized as follows:

1. A learning-to-learn effect was identified. Those Ss who received
training on a series of training tasks thﬁt were similar to the criterion task solved
the criterion task in fewer trials than Ss who received training tasks that were not
similar to the criterion task,

2. No transfer effect was found for the similarity of cues between the

tréining‘tasks and the criterion task. For some Ss, relevant and irrelevant
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cues remained constant for all tasks; for some Ss, relevant and irrelevant cues
were reversed on the criterion task; and»for some Ss, completely new cues were
introduced during the criterion tégk; The number of trials needed to solve the
criterion task was not affecfed by any of these three cue coaditions,

3. A warm-up effect was identified., Ss who performed a series of four
tasks quite different from the criterion task, using four cues unlike those
used on the criterion tasks, solved the criterion task in fewer trials than
Ss in the control group.

4. The use of the same two cues in the solution of a number of training
tasks resulted in an increased use of these cues on the first trial of the
criterion task. The criteriality (correlation) between cues and responses
was higher,on the first trial of the criterion task, for cues which previously

had been relevant than for cues which previously had been irrelevant.
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Expériment Vil

The Effects of Sequence and Structure on Complex Concept Formation

Status: COMPLETED -- Daniel J, Davis., The Effects of Sequence and Structure
on Complex Concept Formation, Technical
Report No. 4, January, 1964,

Purpose:

Since there are several different principles that can be invoked in
structuring or sequencing the training trials of a task, it is important to
know the transfer effects produced by the different principles. In this study,
four groups of Ss were given different training conditions, as ;fecified by
four different principles, in order to determine the effects produced in the

learning of a transfer task,

Hypothese53

Three questions were examined:

1. What is the effect of adding asynchronous (A) trials?

2, What is the best order of presentation of asynchronous (A) and
synchronous (S8) training trials?

3. During the asynchronous trials, is it better to vary the relevant

cue first?

3See Detambel and Stolurow (1956) for a definition of asynchrony and
synchrony.
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Method

Subjects
Eleven subjects'in each of four treatments were obtained from an intro-
ductory psychelogy course at the University of Illinois., Participation was

part of the course requirement.

Procedure

Asynchrony refers to the relationship between the pattern of stimulus
changes from trial to trial, For example, ii stimulus element A changes
from A to A’ in going from Triai 1 to Trial 2, and if element B changes
from B" to B, then both elements have changed on that pair of trials, and

therefore may be described as synchronous. However, if elemént C stayed the

same on the two trials, it would have been asynchronous with both A and B.

Thus, asynchrony occurs whenever one element changes from one trial to the

next and the other element does not. Synchrony, on the other hand, occurs

whenever both elements change on two adjacent trials, as in the example with
elements A and B, and whenever neither element changes on two adjacent trials,
Seueral ways of structuring and sequencing the early trials of a complex
task were compared., Four experimental groups received both structured
(asynchronous) and unstructured (synchronous) training trials. Tae
asynchronous trials were divided into two segments: A-MAX (the more relevant
cue was free to vary) and A-MIN (the less relevant cue was free to vary).
The four experimental conditions were generated by the different sequential
orders of prqsenting the étructure& and unstructured trials (A-S vs, 5-A) as

well as the two types of asynchronous trials (MAX-MIN vs. MIN-MAX). A con-~

trol group received only - unstiuctured (synchronous) training.
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Table 6
Experimental Design and COnditionsa
Group N Trinl blocks
Train{gg task : Transfer E?@E
Trials 1-32 : Trials 33-64 Trials 65-160
Exp. 1 11 A(MIN-MAX) 8 8
Exp., 2 11 A(MAX-MIN) S s
Exp. 3 11 S A(MIN‘MAX) S
Exp. 4 11 S A(MAX-MIN) S
Control 11 S s s

as = synchronous or structured training.

A(MIN-MAX) = asynchronous or unstructured training in which the less relevant
cue was free to vary during the first 16 trials of a trial block and the more
relevant cue was free to vary during the last 16 trials of a trial block.

A(MAX-MIN) = asynchronous or unstructured training in which the more relevant
cue was free to vary during the first 16 trials of a trial block and the less
relevant cue was free to vary durinrg the last 16 trials of a trial block.
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The task was the same as used by McHale and Stolurow (1962). Each s
was given 160 presentations in five blocks of 32 trials0 The design used

is presented in Table 6,
Results

A significant learning effect was found (F = 24.4, for 2 and 80 df,
p < .04). Asynchronous training did not result in a significently higher
level of performance. This lack of difference may be due to the lack of
generalized learning due to training on only one member of the class of
asyncbrohous blocks and/or the over-emphasis of the le2ss relevant cue,

For the experimental groups, it was found that the presentation of

synchronous training trials prior to asynchronous training (Groups 3 and 4

in Table 6) did not improve performance, Therefore s the hypothesis that

this type of training would aid transifer by familiarizing Ss with the
transfer task prior to asYnchronous training was not confirmed.

It was found that presenting a sequence in which the maximslly
pertinent cue varied first (A-MAX condition, Experimental group 2) .ed to
improved transfer task performance (F = 4.,4,for 1 and 40 df, p < .05). This
is an indication that the order of training in a complex task should proceed
from the more relevant to the less relevant aspects (Experimental groups 1

and 2), (See Figures 4 and 5 ).

Further Resesarch

The conclusions arrived at in this experiment will serve as the basis for

future investigations. 1In particular, the foliowing questions are of interest:
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.pertinent cue is allowed to vary first. This suggests that there is an order

‘This should be demonstrated in the case of three or more aspects, each
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1., How does the type of asynchronous training affect transfer? It is
expected that asynchronour training which involves only maximally pertinent
cues would be superior to that which involves only minimally pertinent cues.

2. How does the amount of asynchronous training affect transfer? There
are several issues here, First, there is the question of how much training
should be given for each type of asynchronous block (e.g., keeping the cross
in a fixed position fbr a biock of trials while the circle varies from column
to column. Second, there is the question of how many types of asynchrcrous
blocks should be presented for optimum transier. These two questions relate
to the mﬁltiple problem . . training issue as discussed by Morissett and
Hovland (1259), Third, there is the question of apportioning training among
the mo¥evpertinent aspects. Is it better to decresase the amount of training
for the less pertinent aspects of a problem as compared with the more per-
tinent aspects? There is some slight evidence that this is the case; how-
ever, a direct test of this hypothesis is necessary before a definite con-
clusion can be made.

3. How does the order of asynchronous training affect transfer? It

was demonstrated in this experiment that tranéfer is greater when the more

relationship 3n training which is based on the relevancy of the aspects,

That is, the more relevant or pertinent aspects should be presented first.

differing in its relevancy to the solution, before this order effect is

accepted,
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Chapter III
Study of the Learning and Transfer Effects Related to
Iinstructional Variables and Test Conditions in logic

L. M. Stolurow, L. T. Frasc, J. Odell, J. Zartman, J. Kearns, and G. Marco

A series of transfer experiments is being conducted utilizing self-
instructional materials in an introductory logic course at the collegiate
level, developed in the Training Research Laboratory.

Experiment I had both a substantive and a methodological purpose. The

'substantive purpose was to determine the relationship between personality

(test anxiety) and ability traits, and the learning of introductory logic;
the methodological purpose was to compare performance on open- and closed-
book examinations. | |

Experiment II assessed the different effects of linear and branching

programs upon the acquisiticn and retention of formal logic in terms of both

- knowledge and application test items,

Experimenxs IIi and IV revealed the systematic effect of .congruous and
incongruous conclusions dpon syllogistic reasoning, demonstrating that verbal
responses negatively transfér to reasoning,and that atmosphere and incongruity
negatively effect judgments of the validity of syllogisms by Ss wiihout
training,

Experiment V attempted to determine‘the effects of two different formal
symbolic notations (Peﬁnoinussell and Polish) uporn the acquisition and

transfer of the knowledge and application of propositional logic.
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Expériment I

Psychological and Psychometric Correlates
of Achievement Test Modesl

Status: Data being analyzed,
Purpose

Achievement, at least in part, can be thought of not only as the transfer
of learning or abilities, but aiso dispositions that are known through §fs per~
sonality traits. These traits can be distinguishedlfrom those in the cognitive
domain (see Bloom, 1956). This experiment has both a substantive and a method-
ological purpose with respect to the prediction of learning, retention, and
transfer effects from external (anchor) measures, which represent the domains
of human behavior, |

The substantive purposes are (1) to rélate ability and personality traits
to the learning of introductory logic, and (2) to determine the psycheological
characteristics involved in learning this type of subject matter. More
specifically, the experiment will test hypotheses regarding the relationship
of test anxziety to student performance under two conditidns of achievement
reasurement (open- and closed-book testing).

The methodological purposes are (1) to determine whether testing tech-
niques will distinguish the performance on open-book examinations from the
performance on closed-book examinations, and (2) to determine the problems

of measuring achievement in the programed learning of logic.

lThis study was conducted by Gary Marco as a part of his doctoral dis-
sertation research under the supervision of Professor Thomas Hastings,

‘University of Illinois,




Hypotheses

1. It is possible to account for most of the variance in learning,
transfer, and retention scores in logic with anchor tests, presumed to
represent the cognitive and affective domains.

2. 1f achievement in programed logic depends on specific abilities and
personality traits, then a set of factors determining achievement in logic
will be found. If achievement in éach of the two test conditions depends
on different traits, then a factor representing each condition will appear.
In other words, the accountable variance will be distributed differently
between the two domains under different conditions of testingl(open- and
closed-book);

3. Anchor tests of test anxiety, representing the affective domain,
will account for dirferent proportions of the learning, retention, and
transfer score variance under open- and closed-book testing.

4., Learning, retention, and transfer score variance in logic represent

traits in the cognitive and affective domains.
Method

Subjects
Ss for this experiment were 160 students from Educational Psychology 211

classes at the University of Illinois.

Procedure

Ss studied a series of programed textbooks in logic. In order to dis-

cover the psychological meaning behind achievement under the two conditions’
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a set of anchdr tests from Guilford's cognitive batte:y and temperament
survey were selected to measure various cognitive and affective traits,
A set of achievement test scores was secured by using the Ss achievement
test "'scores in three areas of educational psychology and one area of logic
(both open- and closed-book scores were obtained during the same testing
period).

In order to evaluate achievement in programed learning (in relation to
cognitive and affective traits) under each of the two test modes, all of

the correlations between variables (personality and achievement) will be

factor analyzed.

Results

Data are being analyzed.
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Experiment 1I

Learning and Transfer Effects of Linear
and Branch Programs in Logic

Status: Report in preparation

-
Purpose

.One purpose of this experiment, which uses a branching, self-instructional
program in logic, was to study some of the ways in which the learning of logic
transfers to problem solving. For this purpose, problem solving is defined by
test items requiring the application of concepts taught by the program,

The second purpose was to compafe the performance of Ss who studied the
same self-instructional programs while enrolled in courses of different sub-
Ject matters., Ss were enrolled in both logic and speech courses. The third .
purpose was to determine the relationships among scores (learning, retention,

and transfer).

Hypotheses

1. Different programs (minimum linear, maximum linear, and branching)
will produce differences in performance.

2. The additional relevant information provided by the teacheerf the
logic courses vill not produce differences in the performance of Ss on tests

of knowledge and application;




Method

Subjects
A total of 141 Ss enrolled in an introductory course in philosophy were
assigned toc three groups.2 Twenty~-three students enrolled in a gpeech

course were included for an additional comparison,

Procedure

The independent variables under investigation, in relation to learning
and transfer, were three presentation patterns (instructional strategies) of
the logic program, The program and its branches were prepared by having the
programer (an experienced teacher) insert additional materials into the pro~
gramvthat students read if they made an incorrect response. All Ss first read
the material in Book I, after which those in each class were randomly
assigned to different versions of Books I1 and III, respectively. Each S
received either a maximum linear, a minimum linear, or a branched version
of the program to study.

Dependent variables were (1) pretest scores on knowledge and application
of logic, (2) errors made in the program, (3) scores on a review test, (4)
scores on a posttest of logic, (5) gains made on application items (pretest-
posttest differences), and (6) gains made on knowledge items (pretest-posttest
differences). In addition to (5) and (6) above, two measures of gain were

used: (a) pretest-immediate posttest, and (b) immediate posttest-deiayed.

2The N of subjects changes slightly due to students who were absent
at various points in the experiment,




Four weeks after they worked on the program, a delayed ﬁosttest was
given to approximately one-half of the students in the philosophy classes,

and all of the students in the speech class.

Results

Comparison of Linear and Branching Programs

Analyses of variance indicated that there were no significant differences,
on pretest measures of logic performance or on any of the dependent variables
obtained after learning, between groups who used either the branching,
maximum linear, or minimum linear programs. These data indicate that the
groups performed equally well with all three of the programs, which raises
§erious doubts about the ability of even experienced teachers to Judge the

effectiveness of remedial materials.

Comparison of Speech and logic Classes

Pretests of logic indicated that the speech class initially did not differ
significantly from the philosophy classes. In fact, all groups were comparable
initially (see Table 1), However, the speech class was significantly lower
than the philosophy class on the posttest of logic (on both knowledge and
application items). Although all groups learned, the speech students learned
less than the philosophy students. They were significantly lower in the amount
they gained (posttest minus pretest scores), but only on the knowledge items.
These results are summarized in Tables 1 -~ 7. ‘

From these rcsults it seems reasonable to conclude that the philosophy

classes were superior in their knowledge of logic. This result can be
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Table 1

Means and Standard Deviations for Logic Pretest Scores

Groups N Logic pretest
Total Application Knowledge
M S.D. M S.D. M S.D.
Philosophy 1 44 42,89 5.7 28.43 4.6 13.95 2.35
Philosophy 2 47 43.32 5.4 28.84 5.1 14.66 2,54
Philosophy 3 50 42,60 4.7 28.64 4.0 14.26 2,32

Speech . 23 43.39 18.7 27.43 12.2 16.21 7,00
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Means and Standard Deviations for Logic Posttest Scores
and Gain Scores

Group

logic Posttest

Gain Scores

Total

M

SOD. M SOD. M

Application Knowledge Total Application Knowledge

SOD. M S.D. M s.D.‘ M s.D.

Philosophy 1
PhilosopLy 2
Philosophy 3

Speech

44

47
S0

23

22,57

23.09
22.62

17.22

6.75 29.16 5.06 51.73

7.65 28,28 5.45 51.57

6.90 28,76 4,73 51,38

26.70 23.22 16.30 40.43

3.18 8,02 5,65 .32 4.41 8.52 3.38

3.22 8,84 5,50 ~-,38 4,36 8.64 4,30
2.21 8,26 5.63 .44 3.75 8.36 3.69

12,37 4,30 7,95 1.22 4,76 3.48 3.65
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Table 3

Analysis of variance for the Posttest Knowledge Items

Source SS daf MS F

Between . 614.80 3 204,93 .. 6,86%
s .
Total. 5394.95 163

*Significant at,go1 level

Group means are in Table 2,

Table 4

Analysis of Variance for the Posttest Application Items

Source ss a MS F
Between 617.28 3 206.76 3,49+
Within 9432,33 160 58,95

Total  10049.61 163 | |

*Significant at .01 level,
Group means are in Table 2,
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Table &

Analysis of Variance for the Total Posttest Scores

Source SS df ‘ MS F
Between 2447 .34 3 815.78 5.31%
Within 24573.65 160 153.59

Total 27020,99 163

*Significant at ,001 level,

Group means are in Table 2,

Table 6

Analysis of Variance for the Gain Scores (Knowledge Items)

Source Ss df MS F
Between 501.27 3 167.09 11.618%
Within 2301,09 160 14.38

Total 2802,.36 163

*8ignificant at ,001 level,

Group means are in Table 2,
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Table 7

Analysis of Variance of Total Gain Scores

Source SS dg MS F
Between 372,67 3 I26.22 3,53%
Within 5722 ,27 160 35.76

Total 6100,94 163

*Significant at 001 level.

Group means are in Table 2,
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attributed to further class experience in logic beyond the subject matter of
the programed logic texts used in the experiment. The significant differences
in krowledge without commensurate gains in performance on appligation items
indicate that, although students in philosophy may gain more in knowledge

of the subject matter with which they deal in class, philosophy students do
not necessarily make superior gains (relative to groups not studying

philosophy) on items which involve transfer (application items).

Intercorrelations

Pretest. The application subtest scores of the pretest were correlated
with learning, retention, and transfer measures to determine whether th;y (1)
were equally effective, (2) would prediet subsequent performance, and (3) would
predict differently under the different learning conditions,

The pretest application items were better predictors than the knowledge
items of the number of errors that the student would make in the program,

Ss who earned high scores on application items of the pretest tended to make

fewer errors on the program than those whe earned low scores (see Table 8).

Immediate posttest: Review test. Errors in the program were more highly

correlated with application items on the posttest than they were with the
errors in the program. For Book I, the correlation was -.38, for Book II, -.37,

and for Book I1II, ~.,49 (N = 161) (cee Table 8).

Delayed posttest. Errors in the program were more highly correlated with

application items on the posttest than they were with knowledge items on the
posttest (see Table 9)., Application item scores on the posttest tended to be

more highly related to errors in the program than were the knowledge item




JiI-14

Table 8

Correlations Between Pretest Scores and Errors During
Learning and Between Review Test Scores and Errors During Learning

Booklet N Total pre- Knowledge Application Review test

test with items with items with with errors
errors errors errors
I 161 - 37 * -,08 -, 43% -, 36 *
II 161 "'040 * "023 %* —037 * —037 *
11X 161 -.39 * -.16 %% -.25% -.49 *

*Significant at .01 level.

**¥Signiticant at .05 level,

f
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Table 9

Correlations Between Delayed Posttest
Scores and Errors During Learning 2

b .
Book N Total posttest Knowledge items Application items
with errors with errors with errors
1 154 -.50 -.40 -.43
111 154 -,41 -.32 -.37

8211 correlations significant at .01 level,

bCorrelation between knowledge subtest scores and application subtest

scores was ,43,
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scores on the poéttest. This corresponds to the relationship found with the
pretest. The correlations of posttest knowledge items with errors in Books

I, 11, and III were -,40, -.,31, and -.32, respectively. The correlations of
errcrs in the program with posttest application items for Books I, II, and

I11 were -,43, -.47, and -,37, respectively (N = 154).

For the total posttest score following Books I, II, and III the
correlation with the number of errors made in the program was, -.50, -,.48,

and -,.41, respectively,

These data bBoem t8 indicato that aﬁfair amount of the posttest score 13 associste

with the errors made during learning, and tha: the knowledge and application

subtests are about equivalent in their relationships to the errors made

during learning,
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Retention test scores. The total retention test score was correlated with

the number of errors made in the three booklets; with Bdok I the correlation
was -.32; with Book II it was -.30; and with Book III it was ~-.47.

The total retention test score also was correlated with the total pretest
and posttest scores, .50 and .63, respectively. The retention test was more
highly related to application item scores than to the knowledge item scores on
both the pre and posttests, in spite of the fact that there were more knowledge
items in the retention test. The correlation of the retention test with the
pretest knowledge items was .07 (p > .05), and with the scores on the pretest
application items it was .56. With the posttest, the retention test score on
the knowledge items was correlated .41 and on the application items it was
correlated .64,

While the total retention test correlated only .06 with the application
items subtest, it correlated .92 with the knowledge subtest. On the posttest,
the total score correlation with the application subtest and the knowledge
subtest was .90 and .77, respectively. On the pretest, because of variance
differences, it can be assumed that both subtests contributed equally,

The knowledge and application items of both the immediate and delayed
posttest are supposed to measure the degree to which students know and apply
necessary rules. The materials in the programed booklets contain many examples
of ordinary language arguments that are application items; this is part of the
instruction. As a student goes through the program,he learns a series of
rules as well as a series of applications. Since.the programs contain a good

number of applications, immediate testing that requires Ss to apply rules

would most likely yield fairly high scores; however, specific application items
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would be difficult to memorize (i.e., there are many semantic contexts involved).

It is possible to memorize the rules and the names of propositions, etc., which

E

means that the decreased scores on the application subtest (relative to the

knowledge subtest) do not necessarily represent a change in the degreé to which

e

students are able to apply rules. The decreased application score may actually
represent a retention decrement for the specific application items contained

in the logic materials, In other words, application items on the immediate

posttest may not be application items,in the game sense, on

the delayed posttest, On the delayed posttest, application items provide a

e

more adequate index of the students!' ability to apply rules. 1In short, the

7 posttest,depending upon its Propinquity with the test, may not reveal generalized
transfer to application items;: rather, the posttest may merely indicate that

I the student has recently dealt with this type of item,

Correlational analyses of tests, The trends support the findings obtainred

R S

by Frase (1963), who, in an earlier study using Booklet I of the same self-
instructional logic program, found that scores on application items were more
related than knowledge items to student performance during learning,

The correlation of the knowledge item test scores with the application item
test scores was .16 (p > .05) on the pretest; .43 (I = 157, p < .05) on the
immediate postteSt; and -.25 (p < .05) on the retention test (N = 57). The
last correlation is especially interesting, for it suggests that retention
and transfer can be negatively correlated., This could be interpreted to mean

that students who retained the material best were least able Eg_transfer their

knowledge. The retention test total score, correlated with the retention test

knowledge items, was .92, but the total score correlated with the application
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items was only .06 (p > .05). This difference in the two correlations was
obtained, in spite of the fact that the standard deviations of the two
variables were comparable (knowledge items = 3.2, application items = 3.8).
This indicates that the delayed posttest score variance was primarily due to
application items,

Since the content of each book is quite different from the other books,
the number of errors made on one bhook tended to have a low correlation with
the number of errors made on other books: for Bocks I and II, r = ,.39; for

Books II and III, r = .55; and for Books I and III, r = ,36,

Relationship between pretest and posttest scores. The correlation of pre

and posttest scores was .62, The pretest application items were correlated .63
with the posttest total, while the pretest knowledge items were correlated .23
with the posttest total (N = 155). Application items were not only predictors
of the errors Ss made in the program, but also of the scores 8s made on the
posttest.,

The correlation of application items on the pretest with application items
on the posttest was .63. The correlation of kncwledge pretest scores with
knowledge postlest scores was only .24, This suggests that the application

items are more reliable than the knowledge items.
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Experiment II.

The Implications of Training in Logic for
Incongruity and Atmosphere Eifects

Status: COMPLETED
Purpose

In a syllogistic logic, formal words determine two specific character-
istics of a categorical proposition, its quality and its quantity. The

quality of a categorical proposition is either affirmative or negative; the

quantity of a categorical proposition is either universal or particular.

According to the atmosphere hypothesis, the quality and quantity of formal
words (quantifiers) in the premises of a syllogism create an atmosphere which
influences the conclusion that students will draw., The full statement of the

atmosphere hypothesis is:

"fhe atmosphere of the premises may be affirmative
or negative, universal or particular. Whatever

it is, according to the hypothesis, it creates a
sense of validity for the corresponding conclusion.'

(Woodworth and Sells, 1935)

"In general formulation the secondary hypotheses -
suggested for application to syllogistic reasoning
are (1) that a particular premise creates a some
atmosphere, even though the other premise be uni-
versal, and (2) that a negative premise creates a
negative atmosphere even though other premise be
affirmative,"

(Woodworth and Sells, 1935)




Woodworth and Sells (1935) deliberately éhose.the symbolic or abstract

from (e.g., all A is B), rather than the concrete form (e.g., all mothers are
bad) of syllogism, on the grounds that semantic influence would be a con-~-
founding factor in their design. The purpcses of this experiment were Q1)

to determine whether or not the atmosphere effect holds for logically trained
as well as logically naive students when trained with either linear or
branching programs; (2) to determine whether or not there are negative effects
from language habits to formal syllogistic reasoning; {3) to replicate results
of atmosphere experiments (ﬂbodworth and Sells, 1935.; Sells, 1936); and (4)

to determine the utility of using semantic differential word ratings (Osgood,
Archer, and Miron, 1962) in predicting the acceptability of syllogisvic con-

clusions which contain congruent or incongruent semantic terms,

Hypotheses

The following hypotheses were cyamined:

1. Gains in scores on a syllogistic reasoning test will differ following
learning from a linear and/or a branching program,

2. A negative transfer effect in the learning of formal syllogistic
reasoning will occur as a result of the established language habits of the
students, |

3. The Woodworth and Sells (1935) experiment can be replicated with the
present materials,

4., The atmosphere effect does mot hold as well after tralning as it does

before training in logic has been received.
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5. The atmosphere cffect embraces concrete forms where congruent or

incongruent semantic terms are used in the syllogistic conclusion,

Method

Subjects
Ss for this experiment were four classes of introductory logic students

at Colorado State University (N = 109).3

Procedure

The independent variables investigated in relation to learning and transfer
included the presentation form of the logic program (linear and branching) and
the form of the items on the syllogistic reasoning test (congrusnt and incon-
gruent), The three program forms were identical to those used in Experiment 1I,

Syllogistic test items, representing both abstract and concrete aspects
of the same syllogistic forms, were included in the present design in order to
examine the problems of language that are related to atmosphere predictions.
The concrete items were constructed to maximize, or minimize semantic con-
gruity or incongruity. As a means of operationally defining congruity and
incongruity, the evaluative scores of nouns were secured from English speaking
students through the use of the semantic differential (0sgood, Archer, and
Miron, 1962). For instance, an incongrucus conclusion, "All mothers are
bad", is composed of a positive assertion, "All ... are”, between a noun

(mother) related very high on the evaluative scale and an adjective (bad)

3Provided by the course instructor, Dr. Donald Roberts, who cooperated in
and collected the data for this experiment,




rated very low on the evaluation scale. Correspondingly, the conclusion,
"All mothers are good", would be considered congruent (see Osgood, Suci,
and Tannenbaum, 1956, concerning the principle of congruity).

For any particular mood of 2 syllogism there are alternative conclusions
which are either congruent or incongruent, and which are either predicted
~r not predicted by the atmosphere hypothesis., 1In the case of the abstract
items, there presumably would be no semantic context operating; consequently,
they provide a baseline for comparison, in short, there were 48 five-choice
syllogisms matched as to mood and figure: 16 in abstract form, 16 in which the
conclusion predicted by the atmosphere hypothesis was semantically congruent,
and 16 in which the conclusion predicted by the atmosphere hypothesis was
. semantically incongruous (see Appendix A for items data). The syllogistic
test was given to students before and after logic training under the three

program conditions,
Results

Comparison of Linear and Branchingﬁ?rograms

There were no differences between the maximum linear, minimum linear,
and branching programs on any of the dependent variables, including the
syllogism test.

The interrelationship of performance measures under the three program
conditions remains essentially the same as in Experiment II. In this experi-

ment there was no analysis of application and knowledge items, nor was a

review test included.
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Atmosphere and Congruity Hypotheses

Figure 1 summarizes the results of the present experiment and indicates

the absolute and relative number of choices for the various alternatives.

Atmosphere choices. Figure 1 shows that the absolute number of choices

successfully predicted by the atmosphere hypothesis (about 8) exceeds the
absolute number of choices successfully predicted by the congruity hypothesis
(about 3), although the probability of each choice is only .2 in the former
case and .4 in the latter. The probability of the number of choices being

as great as it was for both correct choices and choices predicted by semantic
congruity is at the chance level,while the same probability for the atmosphere
hypothesis is beyond the .02 level, Figure 1 shows that choices of congruent
alternetives were more numerous than choiceé of incongruent alternatives, but
that both were more numerous than choices of matched abstract alternatives, ;
In confirmation of the hypothesis offered by Woodworth and Sells (1935), it »
can be said that it is possible to predict that students will tend to judge

certain conclusions to be valid when, in fact, they are invalid.

" The present experiment provides a somewhat modified test of the
atmosphere hypothesis since Ss may actually choose between severzal alternative
conclusions. In Sells' (1936) cxperiment, Ss were required to choose between
“absciutely true”, "probably true", "absolutely false" and "does not follow",

Table 10 summarizes the results of the analysis of variance on the
number of atmosphere choices. The results clearly show that the atmosphere

effect was sharply reduced after the experience with the logic materials. Since
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C I A C I A
Pretest Posttest

Items which atmosphere
predicts will be chosen
as valid

i A I A

Pretest Posttest

Items which
atmosphere dces
not predicc will

be chosen
as valid

Summary for Experiment 3 of Predictions

Correctly Made on the Basis of Atmosphere for Concrete-
Congruent Items (C), Concrete-Incongruent Items (I), and
Abstract Items (A) on Pre- and Posttests,
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Table 10

Analysis of Variance on the Number of Atmosphere Choices on
Pre and Posttest for Congruent, Incongruent, and Abstract Test Items

Source MS df F P
Pre-Post Testc (P) 551.63 1 48,05 <.001
Concrete-Ahstract (C) 127.42 2 5.72 <.01
Subjects (8S) 16.30 61
Interactions:

PxcC .74 2 7.65 <,001

PxS§S 11.48 61 1.45 <.05

CxsS 2.17 122

CxSxP 1.59 122
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Ss were not given feedback about their responses on the pretest, improvement
on the posttest (by virtue of pretest experience) should have been minimized.

Both of the main effects of the analysis of variance are significant, It
is interesting to note that more atmosphere choices (éll but two of these
were incorrect) were made for the concrete items, and that the order of
congruent and incongruent items is in the predicted direction; namely, people
are likely to accept an invalid conclusion if the conclusion makes a positive
statement about something they consider good, or if it makes a negative
statement about something they consider bad.

Aside from the statistical indication that some people tend to perform
better on one test condition than on another, there is an indication that
Ss respond differently to the concrete and abstract items (significant
interaction, p < .05), )

The number of erroneous judgments that reveal the difference of : the

atmosphere effect is at the chance level on the posttest., A difference in

the atmosphere effect between concrete and abstract items was found,

Congruent choices. 1In absolute numbers, the choices successfully pre-

dicted by the congruity hypothesis (when opposed to the atmosphere predictions)
is quite low, Two choices on eack item are predicted by the congruity
hypothesis, and hence, the probability of a correct prediction is .4 for each
item;-yet,the average number of correct predictions is less than three on

the pretest, and less than one on the posttest. The low number of predictions
indicates that the semantic context of the conclusions may not be a ﬁowerful

factor in determining Ss responses relative to the atmesphere effect. The

i b e e e e >

T TTe™ eyt Sy -

RS SN



1-28

|
E items from which this information was drawn, however, only include those in
| which a congruent choice would mean a choice contrary to the atmosphere
hypothesis.
Table 11 summarizes the analysis of variance relating the number of
predictions correctly made by the congruity hypothesis. Once again, there
is a large difference in pre and posttest performance ~-- a decrease in the
number of congruous choices. Interaction effects between the concrete-
abstract levels and Ss are not statistically significant, Interaction between
pre-posttest and Ss 1ndi¢ates individual differences in the effects of con-
gruity before and after training in logic.
An interesting point to note is that,on the'posttest,the absolute number
| of choices predicted by semantic congruity was below chance (p < .006) , while
the number of choices predicted by the atmosphere hypothesis was at a chance
[ level. Both factors seemed to decrease in importance at about the same rate
l (slopes of lines). The number of correct choices is well beyond the chance
level on the posttest, but the fact that 32 per cent of the items were

4 incorrect indicates the difficulty level of the test.

Correct choices., Figure 2 summgrizes the substantial difference in the

number of correct choices for the concrete and the absiract items., In con-
y firmation of the Woodworth and Sells (1935) and Wilkins (1928) data, more
correct choices are made with concrete items.

Table 12 summarizes the analysis of variance for the number of correct

o’

“ choices. The advantage of concrete over abstract items is beyond the .00l level,

as is the difference between pre and posttests. The lack of interactions seems




Analysis of Variance on the Number of Congruent Choices on
Pre and Posttests for Concrete and Abstract Test Items
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Table 11

Source MS af F P
Pre~Post Test (P) 222,68 1 51.42 <.001
Concrete-Abstract (C) 12.20 1 6.52 <,02
Subjects (S) 5.41 61
Interactions:

PxC 4,94 1

PxS 4,33 61 2.69 <.001

CxsS§ 1,87 61

CxSxP 1,61 61
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and Posttests,
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Table 12

Analysis of Variance on the Number of Correct Choices on
Pre oand Posttests for Abstract and Concrete Test Items

Source Ms df F | 4
Pre<post Tests (P) 1698.39 1 98,57 <.001
Concrete-Abstract (C) 59.04 1 42,78 <.001
Subjects (8) 31,81 61
Interactions:

PxcC 10,70 1l

PxsS 17.23 61

cCxs 1,38 61

PxCxS 93.42 61




to indicate that there were few differential effects of concrete and abstract
items, although there were such effects for atmosphere choices, Although there
were no differential effects of test levels for correct choices, there were
such effects for congruent choices and atmosphere choices. Since most of the
correct choices were ''none of the above'", people who tended to be affected

by semantic and atmosphere effects should have shown the greatest amount of
improvement with experience in logic, hence, there is an interaction of Ss with
test conditions under the two analyses in which the determining factors were
non~logical. From these analyses one might say that people arrive at correct
responses in the same manner, bhut their choice of incorrect responses reflects

thelr particular dispositions,

Intercorrelations

The correlation of the syllogism test with errors in the program and
scores on the logic pre and posttests is of interest because it relates
directly to the theoretical orientation of previous research on the develop-
ment of learning sets (conceived as developing abilities) by Bass, Hatton,
McHale, Stolurow (1962},

Tables 13 and 14 present correlations of the total pretest and total posttest
with the parts of those tests. It can be seen that, in all cases, the concrete
items correlate higher than the abstract items with total scores and that the
relative differences, especially concerning atmosphere choices, are reduced
under the posttest condition. In addition, the incongruent items correlate
higher than comgruent items with total scores on the pre and posttests.

This suggests the importance of verbal flusney in reasoning, confirming the

findings of Sells (1936) in that respect.
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Table 13
Correlation of Items on the Syllogism Tests With the Total Pretest Score
N=62
Test -_Correlation with total pretest scores
Congruent choices Atmosphere choices Correct choices

Concrete Abstract Incongruent Congruent Abstract Concrete Abstract

Pre -.52 -.18 -.48 - .33 .0l 91 .76

Post -.31 -.12 - .22 -.16 -.11 31 <30

Note: -- There were 16 test items for each of the subtests above,

Table 14
Correlation of Items on the Syllogism Tests With the Total Posttest Score
=02
Test Correlation with total posttest scores
Congruent choices Atmosphere choices Correct choices

Concrete Abstract Incongruent Congruent Abstract Concrete Abstract

Pre -.15 -.03 -.17 -~ .07 .05 .33 31

Post -.70 -.34 -.78 -.74 -.61 .94 .93

Ncte: =-- There were 16 test items for each of the subtests above,
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Summary

1. There were no differences that could be related to linear or branching
programs on any dependent variables.,

2., The ~tmosphere effect does not hold equally before and after training.
Training reduces the influence of the atmosphere on reasoning.,

3. The Woodworth and Sells (1935) results can be obtained with a five-
alternative, multiple-choice format. A significant number of correct predictions
of student choices can be made from the atmosphere hypothesis; however, even
more correct predictions can be made with concrete, semantically congruous
‘items, or with semantically incongruous items than with abstract items such as
Weodworth and Seils used,

4. Using concrete items, the Woodworth and Sells® findings were extended
and modified, People accept an invalid conclusion that makes a positive state-
ment about. something they consider good, or a negative statement about some-

thing they consider bad, This can be interpreted as an additional form of

atmosphere effect,
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Experiment IV
; The Separate and Joint Effects of Congruity and Atmosphere
Status: Completed.
Purpose

The purpose of this experiment is to determine whother or not there is
a statistical interaction between two semantic effects --‘ congruity and
atmosphere, This is ecsentially a replication of Mrmerincat !II,Eexcepi: that
Tala crpovdnant Snelndes $%omc wish are conpgriont hHut which the igatmcsphere

hypothesis does not predict will be called valid,

Method

[ Subjects A
[ Forty-four students from an introductory logic course at the University of

Illinois served as Ss for this experiment .4

Procedure

A test was constructed in which there were 56 syllogisms, The S was

requirad to indicate whether each syllogism was vaiid or invalid, The syllogism

test can be divided into four parts: (1) those which both the atmosphere and
the congruity hypotheses prédict will be called valid, (2) those which only
the atmosphere hypothesis predict will be called valid, (3) those which only
the congruity hypothesis predicts will be called valid, and (4) those which

neither hypothesis precicts will b2 called valid, This defines & two ¥ two x

4provided by tiie course instructor, Mr. S. Jack Cdell, who assisted in
tie conduct of this experiment,




: o III-26
]
|
:
| 5 9
[0
=
: 2
i 8 + 7.7
<
- '
. A
7] T -
8
I: 6 -+
3]
i
B ©
| g 57
o
3]
u o 4 -+
* :
h H 3-'
| .
' g 24
a :
z : 1
8
v = 0.
) cC I cC 1I
, Items which atmosphere Items which atmosphere does
? predicts will be chosen not predict will be chosen
y
) Fig., 3. Summary of 2redictions Correctly Made on
. the Basis of Atmosphere and Congruity (C = Congruent;
I = Incongruent), C B ) '
h
i Note, -~ All of these items were invalid, but

subjects called them valid,

-




III-37

Table 15

Analysis of Variance on Incorrect Choices

Source oM df F P
Atmosphere 740,5 1 184.3 <,001
Congruity 11,5 1 7.5 <,01
Subjects 10,.€ 43
Interactions:

AXxXC 3,0 1 1.6

A xS 4,0 43 2.1 <.01

cCxSs 1.8 43

AxCxs : 1,9 43
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Ss design for the experiment in which the interaction cf the two factors can be

clearly revealed, See Appendix B for the item characteristics of the syllogism test,
Results

- Ss have not yet finished the logic matefials so that no pogsttest scores
were available, Figure 3 summarizes the relative and absolute number of
incorrect choices for the alternative items, |

Table 15 presents the 2nalysis of variance on incorrect choices for the
four forms of items, From Table 18 it can be seen that the results of this
experiment replicate those oi Experiment IXI with regard to the relative
effect of congruity and atmosphere and the relative effect of congruous and
incongruous terms included in syllogistic conclusions, With the two-choice
alternative (valid or invalid), the selection of conclusions on the basis of
atmosphere for concrete items is at the chance lével, suggesting the elimination
of the atmosphere ezffect., In addition, Ss exhibited different responses when
given atmosphere items, which is consistent with daté obtained by Sells (1936).
Responses ¢o ccengruity differences did not differ across students, There

was no statistical interaction between congruity and atmosphere effects,
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Experiment V

Relative Transfer gffects of Learninz Systems of
Notation for Encoding Expressions in a Course of Programed Symbolic Logic

Status: Data has been collected and materials are deing revised.
Purpose

The relative merits of teaching alternative notational systems in logic,
especially the Peano-Russell (B) and Polish (St. Lesniewski and Lukasiewicz)
systems (L), are, unfort;nately, unknown. There is no empirical evidence
bearing on their relative effectiveness for learning or their use by different
individuals. The English speaking student who is required to learn the Polish
notation must overcome competing language habits in order to learn the meaning
of 'CKquNpq', for example, since the operators refer to symbols in a sequence
quite unlike the English language, The habitual eye-movements are conflicting
and this aifficulty is compounded by the introduction of a new conceptual
system. However, some of the ambiguities of parenthetical notation presented
in the Peano-Russell system may be eliminated by the Polish notation, WwWith
the Peano-Russell notation, on the other hand, the student who must learn the
meaning of '[(p + q) * ~ p} o> q' might find the task easier than the
alternative Polish expression for two reasons: first, the similarity of the
new system to algebraic notation (especially if he were high in mathematical
ability) and, second, the similarity between the eye-movements required by the
new system and his native language.

In terms of transfer of training, the American student learning to write

in one of these notational systems will be learning new responses to old stimuli
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(sentences and words), and these responses will either be similar to pre-
viously learned responses (Peano-Russell notation) or dissimilar (Polish
notation). The latter case, learning dissimiiar responses to ld stimuli,
is typically optimal for negative transfer. The first question to be
answered is whether or not one notational systeﬁkis more difficult to learn
initiclly. |

A further question concerning transfer is whether or not learning one
system first makes it easier to learr the other system. Further, does
learning one system lead to grezter trzasfer than learning the other
system when the criterion of transfer is rerformance on materials that are
different from those used in the learning task?

Other questions concerning the relationships of the learner's mathematica”,
verbal, and general reasoning ab!lities to performance in the two notational
systems arise which have import for adaptive, individualized, computer-assisted
instruction, e.g., would it be more efficient to assign students with high
mathematical ability to one or the other of these notational systems initially?
Does high verbal abiiity or does high general intelligence indicate which

treatment would be the optimum assignment?

Hypotheses
l. Learning scores for two groups, one learning the Polish notation

and the other learning Peano-Russell notation, will differ. It should be

easier to learn the Peano-Russell notation,
2. VWhen groups, that originally learned one notational system, must

learn the other rotational system, transfer scores for the two groups will differ,
8. A group of ability tests administered to Ss will be significantly

re¢lated to performance on the logic programs,

e ta < guee st g
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Methou

Subjects
Sixty students in an introductory logic course at the University of
Illinois, and 60 students in an iniroductory logic course at the University

of Buffalo, New York,will serve as Ss.

Materials

Pretests. A pretest covering the material contained in the programed
text will be given to all students. In addition, ability tests (adapted from
the Educational Testing Service, Cognitive Reference Battery, compiled by
Jobn French, et. al., 1963) covering vocabulary (V-4), inference (Rs-3),
mathematical aptituade (R-2), and inductive reasoning (I-1) will be given.

The latter test is particularly applicable to system g_(Polish), since it
requires the student to make inforences from combinations of letters. 1In
addition to these tests, college entrance examination scores will be available.

The 16 PF, Form A, (developed by W. Cattell at the Institute for Per-
sonality and Ability Testing, Champaign, Illinois) personality test will be
administered to all subjects, This test provides information on 16 personality
factors, including general intelligence, emotionality, and tension.

Logic program. Five books of programed logic covering topics from

language to propositional logic in both the Polish and Peano-Russell systems
were developed at the Training Research Laboratcory.5 Both sets of five books

were designed to parallel each other.

5John Kearns, Ph.D., S. Jack Odell, M.A., and James Zartman, Ph.D. wrote
the initial version oi this progrsj.
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Posttests, After the Ss complete each logic book, they will be given an

immediate posttest over the material covered in that book. In addition, an
overall test will be given which parallels the logic pretest. This test will
be given after all logic books have been completed. A trangfcr tesct, requiring

the § to apply his knowledge of logic to new areazs (such as electrical circuits)

will be given aftexr the logic posttiest.

Procedure

-

Since it would be difficult for an instructor to teach both notational
systems to different classes during one'semester, the New York group will siudy
system L for an entire semester. Their final examination requived them to use
the Polish as well as the Peano-Russell nofation. The Illinois group studied
P all semester and took the same final examination as the New York group which
required each of them to transfer to the other notation.

The experiment is designed to yield two types of data: (1) instructional
data -~ characteristics of the logic materials, errors made on each item of the
program, time spent on individual frames, test scores, and students' -omments on
the material; and (2) experimental data--characteristics of transfer of training.
Instructional and experimental data will be used both for the elaboratiun of
materials and for the correction of errors and inadequacies in the materials. The
experimental design and data to be obtained are summarized in Table 16,

Correlational methods will be used to relate personality and aptitude to
performance on the logic program and tests. The difference in performance on
learning and transfer tasks (and their associated tests) can provide a measure of

transfer. Covariance may be used for comparisons of learning scores and of
transfer scores.
Results

Data being analyzed,




B i et SEE USRS S N ey AL A et a5 e i s st it PR

I11-43

2

Table 16

Experimental Design of Transfer From Notational Systiem I to System P,
and From Notational System P to System L

Measures ] Group 1 - Group I11I
Pretesta Given Given
Learning task . Books 1-5 P o Books 1-5 1,
Posttestb ) Given Given
Transfer taskc - Books 1-5 L Books 1-5 P
Posttest L. and P P and L

apersanality, aptitude and logic tests,

bPosttests were administered after each book, A gencral legic posttest
and a transfer test were administered to Ss after they had completed their
first program,

cPerformance judged in terms of study time and errors,
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Appendix A

Item Characteristics of the Syllogism Test Used in Experiment III
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Concrete Items in Which Atmosphere Choice is Incongruent

Item number Mooc:la Alternative

a b c d e
2 OE c -C c -C X
9 El c -C C -c X
18 OE c -C c E p 4
20 IO c -C c ] X
28 AO c -C c -C X
31 oA c -C c E-g_ X
35 IE c -C c -c p 4
38 A c -C c -c X
39 IO c -C c =c X
49 IE c -C c -c X
42 EO c -C c -c x
43 El c -C c -X
44 AE c =c c -C x
45 AE c -c c -C x
48 AA -cx c -c c
54 EO c -C c -C x

.. Concrete Items in Which Atmosphere Choice is Congruent

Item number Mood ™ Alternative

a b [ d e
48 o -C c -C c X
1 EI -c c -c c X
15 OE -c c -C c %
12 10 -c c -c c x
24 Ao -c c -c c x
22 QA -C c -C c b 4
12 IE -c c -c c x
10 oA . =C ] ~-C ¢ X
17 IO -C c -C c X
82 IE =-C c - c x
27 EO -c c -c c x
14 EX -C [ ~C Ccx
5 AE -C c -C re x
37 AE , -C c -C c X
8 AA CX > & -
23 EO -C C -C c X

Note: -- c= congruent conclusion; -c=incongruent conclusion; x=correct
conclusion; underlined letters indicate atmosphere prediction,

#A=A11 X are Y; E=No X are ¥; I=Some X are Y; O=Some X are not Y,
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Abstract Items
Item number Mcooda Alternative

a b c d e
36 CBE _ X
16 EX _ X
29 CE — X
7 i0 _ X
19 AO _ X
4 A _ x
11 IE _ X
41 oA _ X
46 10 _ X
50 IE _ X
13 EO _ X
25 EI X
30 ~ AE _ X
33 AE _ x
26 AA X '
53 EO _ x

A
Note: -~ x=correct conclusion; _=atmosphere prediction,
l 82-A11 X are Y; E=No X are Y; I=Some X are Y; O=Some X are not Y,

oy 00 EETEETS
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Appendix B

Item Characteristics of the Syllogism Test Used in Experiment IV
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The following groups o:’:" items are divided as follows:

Group I. Both atmosphere and congruity hypothesis predict that the
syllogism will be called valid,

Group 1II. Only the atmosphere hypothesis predicts the item will be
called valid, '

Group III.Only the congruity hypothesis predicts the item will be
called valid,

Group IV, Neither hypothesis predicts a choice of valid.

The item number is given first, then the mooda of the syllogism (all in Fig,. 1).

Group I Group 1I Group III Group 1V
3. IEO 9. AEE 2, OAI 1, 1IEE
5. CEO 12, ECO | 4, EQA 6. 10A
7. EOO 14, IEO | 11, AEA 8. AO0X
10. 00 15, CEO 13, 104 16, AEL
19, 1EG 25, 100 17, I0I 13, EQA
21. ECC 25. 100 20, IEE 23. AEA
22, AEI 29, AEE 24, CEO 27, IEX
31, AEE 33, 0AC 28, OEA 34, ECE
35, AOO 44, EOO 30, IEX 36. OEE
37. AEE 45, AQO 32, OAE 38. AEO
39. GAO 49, CEO 41, EOE 40, QAI
42, QA0 53. AEE 47, CEE 46, I0I
43, AEE 55, IEO 52, AOI 48, CAE
50. 100 - 56, CAC 54. AEA 51, CEA

¢ aA:All X ‘are Y; ExNo X are Y; I=Some X are Y; O=Some X are nct Y,




Chapter IV

The Use of a Model and a Genreralized Preview to Facilitate the
Learning and Retaining of Complex Scientific Materialsl

M, David Merrill

Status: COMPLETED -~ M. David Merrill, Learning and Retention Effects of a
Model and a Preview in Teaching an
Imaginary Science, Technical Report
No. 3, November, 1963,

Experiment I
Purpose

Several competing principles concerning the organization of materials to pro-
mote learning and transfer exist in education and educational psychclogy. Pro-
gramed instruction provides a useful medium for the examination of these principles
since they can be used to prepare sequences of frémes for comparative study. The
effects of each can be readily determined in terms of performance differences of
students, This study compares some competing notionc about the way to organize
complex materials. One program meets the organizational requirements of Ausubel's

subsumption theory (1963) and three other logical alternatives were used,

Hypotheses

Based on Ausubel'’s subsumption theory and its implications for the use of
"advance organizers,” it was hypothesized that presenting a model and/or a pre-
view prior to the presentasion of complex verbal materials would facilitate the

learning and retention of those materials.2

1This study was done in partial fu’fillment of the requirements for a Master
~f Science degree in education., A related study was completed as a doctoral dis-
sertation:; Merrill, M, D, Transfer effects within a hierarchical learning task as
a function of review and correction on successive parts. Urbana, I1l1,: Univer. of
I11.,, Trng. Res, Lab, Nonr Contr. 3985(04), Tech. Rept. #5, Sept. 1964,

2Exper:lmental program is on file in the Univer, of I1ll, library the title
"Xenograde Systems: An Experimental Program" by M, D. Merrill (unpublished).
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Method

Subjects

Four groups of high school students were divided into high and low

IQ groups.

Procedure

Group 1 was presented a model and a preview prior to learning a complex
imaginary science; Group 2 was presented the model prior to the science and
received a review in place of a preview; CGroup 3 was presented a preview
prior to the science; and Group 4 was presented only a review but no model
or preview., The same mode of presentation was used for all groups -~ linear
programed booklets, Students were tested both immediately after completing

the program and two weeks later.
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Experiment 11
Method

Subjects
Two groups of college students learned the materials that were learned

by Groups 1 and 4 in Experiment I.

Procedure

The mode of instruction was by MIN-MAX teaching machine. The Ss

were tested immediately following learning.
Results

Results indicated no significant main effects. There were two signifi-
cant interaction effects: (1) retention as measured by application items
was best for high IQ Ss when presented a model, but best for less gifted
Ss when no model was presented; and (2) retention as measured by items

measuring taught knowledge was best when no model or preview was presented

and poorest when only a model, but no preview, was presented, m

Implications

An analysis of tust performance seems to indicate that the teaching

machine program was effective in teaching knowledge of terminology and

knowledge of specific facts, but was ineffectiive in teaching understanding




{ : —— et
b e e e e e e e e e e et e e e oot . e e e e e

Iv-4

necessary for problem solvirg, Before failing to reject the nulli hypothesis,
it would be desirable to replicate the experiment with a revised program that
would enable students to attain a higher level of understanding as measured

by problem solving ability.
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Chapter V

A Study of Transfer Effects in Verbal Learning

L. M. Stolurow and G. E. Erehman

Experiment I

Status: COMPLETED

Purpose

This is a study of trahsfer under a specific set of conditions: namely,
when bi-directional associations exist between the individual words occupying
corresponding positions intwo serial lists learned in succeszsion, The problem
is to determine the effects of the associative relationship between the cor-
responding words in the two lists in terms of (1) the rate of learningjot_the
second 1list (proection), and (2) the recall of both lists following their
mastery (retroaction). The study relates to mediational interpretations of
transfer by revealing the potential duality of effect that can occur if the
terms in two lists are both cues and responses not only within lists but also

between lists.

Hypotheses
The hypotheses tested was that well established bi-directional

associates will produce inhibition rather than faciliitatioa of mastery of
the second list.

Method
Subjects

Volunteers from student-teacher sections of Educational Psychology 211

were randomly assigned to the three conditions,
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Procedure

Three conditions were presented (See Table i). All threce groups learned
the same list of words as their second,or'B"1list, the trrucfer task. The
first, or E-1, condition consisted of an "A" list whose words were positionally
opposite the bi-directional associates of the words in the standard "B" list.
The second, or E-2, consisted of an "A" list whose words were bi-directional
associates of the words in the standard "B" list, but not in the corresponding
position. The third, or control, condition consisted of an "A" list whose words
were associationally neutral with regard to the standard "B" list,vbut equal
in difficulty and average sylleble length with vegard to the "A" lists of
conditions E-1 and E~2, Equation as to analysis was achieved by use of data

of trigram frequency reported by Stclurow, Jacobs and Blomme (1961).

Results

Data indicated that, in contrast to earlier findings in an unpublished
study using uni-directional associates by Stolurow and Swenson (1849),
negative transfer does, in fact, occur. In addition, accuracy of recall
was found to be less when the associates were not opposite from one another,
but not significantly affected when the associates were placed opposite to

one another. Table 2 presents the means, standard deviations, and sig-

nificance tests for the three groups.
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Table 1
Experimental Design and Conditions for Learning and Transfer
Experimental Groups cOntrbl Group
E-1 E~2
List A List B o List A List B List A List B

A set of 10 The 10 response.. The 10 stimulus Same 10 yo- 10 words Same 10

stimulus words which words from list sponse words equated response
words from were the free A (E-1l) but in and in same with list words in
free assoc~ association list a random order, order as in A in ex- same oxrder
iation list  matched as to E-1. perimental as in E-1,
placed in a position with ’ groups as
sequence for liat A, to dif~
learning. ficulty

and syl-

lable

length,




T Table N,
. _
Means, Standard Deviations, and Significance Tests for All Groups
q Measure Means A F H* Standard Deviations
E-1 E-2 Control  E-} E-2 Control
(N=20) {(N=1C) (N=16) (N=20) (N=10) {N=16)
List A trials to criterion 13.65 12.60 17.94 2,87 - 5,41 6,65 7.22 1.42
List B trials to criterion 9.65 10.60 7.8¢ -  10,81% 4.89 3.27 5,66 8.32%+
List A accuracy of recall 9.05 5.90 28.56 5.75% - 2,16 4,35 2,06 3.85
List B accuracy of recall . 9.85 9,80  9.87 - - 0.37 0,63 0.35 -
Errors-actual and potential 2.45 5.00 2.00 3.59% - . 2,58 4,03 2.48 3,56
Inter-list association errors 0.50 0.00 0,00 - '9,20%% 0,76 0.00 0,00 -
Intra-list association errors  1.20 2,90 1,12 5.98% - 1,38 1,79 1.15 2.21

®Kreskal-Wallace H (sec Siegel, 1956)

*Significant at the .01 level,
*¥*Significant at the ,05 level,




Experiment 11

Status: In progress.

Purpose

The pv mose of this experimént was (1) to inﬁeStigate the effect of
uni- and bi-directional associations between transfer lists ahﬁ under improved
control conditions, and (2) to investigate the question of whether the
observed transfer effects are a function of the Ss awareness of the relation-~

ship between the two lists.

Hypotheses

1. The bi-directional association condition between words in two lists

(A and B), learned one after the other, ﬁill facilitate the learning of the
second (é) list when the words it contains are in positions that correspond
to their associates in the list learned first (A),

2. The bi-directional association condition between words in two lists

(A and B), learned oane after the other, will interfere with the learning of

the second (B) list when the words it contains are not in positions that
correspond to their associates in the list learned first (A).

3. The uni-directional assbciation condition will produce facilitation

rather than inhibition when the words in the second list are in a sequence
that corresponds to their associates in the first list.
4, The knowledge that there is an associatior between the corresponding

words of the two lists will not facilitate the learning of the second list,




V-6

Method

Subjects

Ninety-six volunteers from psychology classes were randomly assigned

to one of the 32 sub-groups required by the experimental design.

Procedure

Initial and transfer lists "A" and "B" (each 15 words) will be pre-
sented by visual projectidn for one and three fourths seconds as in

Experiment I. Each S must learn four lists, two sets of "A" and "B", with

‘each set different in content and representing one of the six basic con~

ditions. The sets are counterbalanced as to order of presentation in order

to control for position effects. Two sets of 15 word-pairs for each type of
association condition, and equated as to the difficulty of the "A" lists of
each set, will be used. The second, or "B" lists, of each set will vemain
constant in content throughout all experimental conditions, but the "A"

lists will vary in the two control conditions. In the first contrcl condition,
the "A" lists will simply be interchanged so that ths words in thé initial "A"
1ist no longer have the corresponding.wards in the "B" 1list as their associated
response, The second controlbcondition involves‘the use of completely new

"A" lists thdt are equal in difficulty to the two previously equated "A"

lists but which have no highly probable word associates connected with them,

i.e., the same control condition as in Experiment I. Half of the Ss will
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be told. Whether or not they discover, or fail to discover, that such a
relationship exists will be determined. Errors during mastery and recall,

and trials to criterion during mastery will be reczorded for énalysis.

Results

Materials have been prepared.
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